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ADENO-ASSOCIATED VIRUS
COMPOSITIONS FOR RESTORING PAH
GENE FUNCTION AND METHODS OF USE
THEREOF

RELATED APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application Serial Nos. 63/030,341, filed May 27, 2020, and
63/117,252, filed Nov. 23, 2020, the entire disclosures of
which are hereby incorporated herein by reference.

SEQUENCE LISTING

This application contains a sequence listing which has
been submitted electronically in ASCII format and is hereby
incorporated by reference in its entirety (said ASCII copy,
created on May 24, 2021, is named “404217-HMW-040US-
183160_SL.txt” and is 213,352 bytes in size).

BACKGROUND

Phenylketonuria (PKU) is an autosomal recessive genetic
disorder where the majority of cases are caused by mutations
in the phenylalanine hydroxylase (PAH) gene. The PAH
gene encodes a hepatic enzyme that catalyzes the hydroxy-
lation of L-phenylalanine (Phe) to L-tyrosine (Tyr) upon
multimerization. Reduction or loss of PAH activity leads to
phenylalanine accumulation and its conversion into phe-
nylpyruvate (also known as phenylketone). This abnormal-
ity in phenylalanine metabolism impairs neuronal matura-
tion and the synthesis of myelin, resulting in mental
retardation, seizures, and other serious medical problems.

Currently, there is no cure for PKU. The standard of care
is diet management by minimizing foods that contain high
amounts of phenylalanine. Dietary management from birth
with a low phenylalanine formula largely prevents the
development of the neurological consequences of the dis-
order. However, even on a low-protein diet, children still
suffer from growth retardation, and adults often have osteo-
porosis and vitamin deficiencies. Moreover, adherence to
life-long dietary treatment is difficult, particularly beyond
school age.

New treatment strategies have recently emerged, includ-
ing large neutral amino acid (LNAA) supplementation,
cofactor tetrahydrobiopterin therapy, enzyme replacement
therapy, and genetically modified probiotic therapy. How-
ever, these strategies suffer from shortcomings. The LNAA
supplementation is suitable only for adults not adhering to a
low Phe diet. The cofactor tetrahydrobiopterin can only be
used in some mild forms of PKU. Enzyme replacement by
administration of a substitute for PAH, e.g., phenylalanine
ammonia-lyase (PAL), can lead to immune responses that
reduce the efficacy and/or cause side effects. As to geneti-
cally modified probiotic therapy, the pathogenicity of PAL-
expressing F. coli has been a concern.

Gene therapy provides a unique opportunity to cure PKU.
Retroviral vectors, including lentiviral vectors, are capable
of integrating nucleic acids into host cell genomes. How-
ever, these vectors may raise safety concerns due to their
non-targeted insertion into the genome. For example, there
is a risk of the vector disrupting a tumor suppressor gene or
activating an oncogene, thereby causing a malignancy.
Indeed, in a clinical trial for treating X-linked severe com-
bined immunodeficiency (SCID) by transducing CD34*
bone marrow precursors with a gammaretroviral vector, four
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out of ten patients developed leukemia (Hacein-Bey-Abina
et al. J Clin Invest. (2008) 118(9):3132-42).

It has also been speculated that nuclease-based gene
editing technologies, such as meganucleases, zinc finger
nucleases (ZFNs), transcription activator-like effector nucle-
ases (TALENSs), and clustered, regularly interspaced, short
palindromic repeat (CRISPR) technology, may be used to
correct defects in the PAH gene in PKU patients. However,
each of these technologies raises safety concerns due to the
potential for off-target mutation of sites in the human
genome similar in sequence to the intended target site.

Accordingly, there is a need in the art for improved gene
therapy compositions and methods that can efficiently and
safely restore PAH gene function in PKU patients.

SUMMARY

Provided herein are recombinant adeno-associated virus
(rAAV) compositions that can restore PAH gene function in
cells, and methods for using the same to treat diseases
associated with reduction of PAH gene function (e.g., PKU).
Also provided are nucleic acids, vectors, packaging systems,
and methods for making the adeno-associated virus compo-
sitions. The rAAV compositions provided herein are par-
ticularly advantageous in that they can efficiently edit the
genome of cells (e.g., liver cells) in a subject to express PAH
under the control of a liver-specific promoter, and thereby
offer a potential cure for PKU patients.

Accordingly, in one aspect, the instant disclosure provides
a recombinant adeno-associated virus (tAAV) comprising:
(a) an AAV capsid comprising an AAV capsid protein; and
(b) an rAAV genome comprising: (i) an editing element for
editing a target locus in a PAH gene, comprising at least a
portion of a PAH coding sequence operably linked to a
transcriptional regulatory element; (ii) a 5' homology arm
nucleotide sequence position 5' of the editing element,
having homology to a first genomic region 5' to the target
locus; and (iii) a 3' homology arm nucleotide sequence
positioned 3' of the editing element, having homology to a
second genomic region 3' to the target locus.

In certain embodiments, the editing element comprises a
PAH coding sequence. In certain embodiments, the PAH
coding sequence encodes an amino acid sequence set forth
in SEQ ID NO: 33. In certain embodiments, the PAH coding
sequence comprises the nucleotide sequence set forth in
SEQ ID NO: 53. In certain embodiments, the PAH coding
sequence is silently altered. In certain embodiments, the
PAH coding sequence comprises a nucleotide sequence that
is at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% identical to the
nucleotide sequence set forth in SEQ ID NO: 28, 63, or 83.
In certain embodiments, the PAH coding sequence com-
prises the nucleotide sequence set forth in SEQ ID NO: 28.
In certain embodiments, the PAH coding sequence com-
prises the nucleotide sequence set forth in SEQ ID NO: 63.
In certain embodiments, the PAH coding sequence com-
prises the nucleotide sequence set forth in SEQ ID NO: 83.

In certain embodiments, the transcriptional regulatory
element is capable of mediating transcription in a hepato-
cyte, a renal cell, or a cell in the brain, pituitary gland,
adrenal gland, pancreas, urinary bladder, gallbladder, colon,
small intestine, or breast. In certain embodiments, the tran-
scriptional regulatory element is endogenous to the PAH
gene. In certain embodiments, the transcriptional regulatory
element is exogenous to the PAH gene. In certain embodi-
ments, the transcriptional regulatory element is liver spe-
cific, optionally wherein the transcriptional regulatory ele-
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ment comprises one or more elements selected from the
group consisting of a human albumin promoter, a human
transthyretin (TTR) promoter, a human ApoE/C-I hepatic
control region (HCR) 1 or 2, a human ApoH promoter, a
human SERPINA1 (hAAT) promoter, and a hepatic specific
regulatory module thereof. In certain embodiments, the
transcriptional regulatory element comprises a nucleotide
sequence at least 90% identical to a sequence selected from
the group consisting of SEQ ID NO: 25, 26, 27, or 69. In
certain embodiments, the transcriptional regulatory element
comprises a nucleotide sequence at least 90% identical to the
nucleotide sequence set forth in SEQ ID NO: 27. In certain
embodiments, the transcriptional regulatory element com-
prises the nucleotide sequence set forth in SEQ ID NO: 27.
In certain embodiments, the transcriptional regulatory ele-
ment consists of the nucleotide sequence set forth in SEQ ID
NO: 27.

In certain embodiments, the editing element further com-
prises an intron element positioned 5' to the PAH coding
sequence and 3' to the transcriptional regulatory element. In
certain embodiments, the intron element is an exogenous
intron element, optionally wherein the exogenous intron
element is an SV40 intron element. In certain embodiments,
the SV40 intron element comprises a nucleotide sequence at
least 90% identical to the nucleotide sequence set forth in
SEQ ID NO: 29. In certain embodiments, the SV40 intron
element comprises the nucleotide sequence set forth in SEQ
ID NO: 29. In certain embodiments, the SV40 intron ele-
ment consists of the nucleotide sequence set forth in SEQ ID
NO: 29.

In certain embodiments, the editing element further com-
prises a polyadenylation sequence 3' to the PAH coding
sequence. In certain embodiments, the polyadenylation
sequence is an exogenous polyadenylation sequence, option-
ally wherein the exogenous polyadenylation sequence is an
SV40 polyadenylation sequence. In certain embodiments,
the SV40 polyadenylation sequence comprises a nucleotide
sequence at least 90% identical to the nucleotide sequence
set forth in SEQ ID NO: 31. In certain embodiments, the
SV40 polyadenylation sequence comprises the nucleotide
sequence set forth in SEQ ID NO: 31. In certain embodi-
ments, the SV40 polyadenylation sequence consists of the
nucleotide sequence set forth in SEQ ID NO: 31.

In certain embodiments, the nucleotide 5' to the target
locus is in an intron of a PAH gene. In certain embodiments,
the nucleotide 5' to the target locus is in intron 1 of a PAH
gene. In certain embodiments, the nucleotide 3' to the target
locus is in an intron of a PAH gene. In certain embodiments,
the nucleotide 3' to the target locus is in intron 1 of a PAH
gene.

In certain embodiments, the PAH gene is a human PAH
gene. In certain embodiments, the human PAH gene is
wild-type. In certain embodiments, the human PAH gene is
a variant PAH gene.

In certain embodiments, the editing element comprises a
nucleotide sequence selected from the group consisting of
SEQ ID NO: 25, 26, 27, 28, 29, 31, 50, 51, 52, 69, or 70.

In certain embodiments, the 5' homology arm nucleotide
sequence is at least 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to the first genomic
region. In certain embodiments, the 3' homology arm
nucleotide sequence is at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to the second
genomic region. In certain embodiments, the first genomic
region is located in a first editing window, and the second
genomic region is located in a second editing window. In
certain embodiments, the first editing window consists of the
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region of the human genome corresponding to the nucleotide
sequence set forth in SEQ ID NO: 37. In certain embodi-
ments, the second editing window consists of the region of
the human genome corresponding to the nucleotide
sequence set forth in SEQ ID NO: 38. In certain embodi-
ments, the first genomic region consists of the region of the
human genome corresponding to the nucleotide sequence set
forth in SEQ ID NO: 37. In certain embodiments, the second
genomic region consists of the region of the human genome
corresponding to the nucleotide sequence set forth in SEQ
ID NO: 38. In certain embodiments, each of the 5' and 3'
homology arm nucleotide sequences independently has a
length of about 100 to about 2000 nucleotides. In certain
embodiments, the 5' homology arm comprises a nucleotide
sequence that is at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence set forth in SEQ ID NO: 23. In certain embodi-
ments, the 5' homology arm comprises the nucleotide
sequence set forth in SEQ ID NO: 23. In certain embodi-
ments, the nucleotide sequence of the 5' homology arm
consists of the nucleotide sequence set forth in SEQ ID NO:
23. In certain embodiments, the 3' homology arm comprises
a nucleotide sequence that is at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
nucleotide sequence set forth in SEQ ID NO: 24. In certain
embodiments, the 3' homology arm comprises the nucleotide
sequence set forth in SEQ ID NO: 24. In certain embodi-
ments, the nucleotide sequence of the 3' homology arm
consists of the nucleotide sequence set forth in SEQ ID NO:
24.

In certain embodiments, the rAAV genome comprises a
nucleotide sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the nucleotide sequence set forth
in SEQ ID NO: 43. In certain embodiments, the rAAV
genome comprises the nucleotide sequence set forth in SEQ
ID NO: 43.

In certain embodiments, the rAAV genome further com-
prises a 5' inverted terminal repeat (5' ITR) nucleotide
sequence 5' of the 5' homology arm nucleotide sequence,
and a 3' inverted terminal repeat (3' ITR) nucleotide
sequence 3' of the 3' homology arm nucleotide sequence. In
certain embodiments, the 5' ITR nucleotide sequence is at
least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to the
nucleotide sequence set forth in SEQ ID NO: 14, and the 3'
ITR nucleotide sequence is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99% or 100% identical to the nucleotide sequence set forth
in SEQ ID NO: 18.

In certain embodiments, the rAAV genome comprises the
nucleotide sequence set forth in SEQ ID NO: 73 and/or 74.
In certain embodiments, the rAAV genome comprises the
nucleotide sequence set forth in SEQ ID NO: 75 and/or 76.

In certain embodiments, the rAAV genome comprises a
nucleotide sequence that is at least 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to the nucleotide sequence set forth
in SEQ ID NO: 45. In certain embodiments, the rAAV
genome comprises the nucleotide sequence set forth in SEQ
ID NO: 45. In certain embodiments, the nucleotide sequence
of the rAAV genome consists of the nucleotide sequence set
forth in SEQ ID NO: 45.

In certain embodiments, the AAV capsid protein com-
prises an amino acid sequence that is at least 95% identical
to the amino acid sequence of amino acids 203-736 of SEQ
IDNO:1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 15, 16, or 17.
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In certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 206 of SEQ ID NO: 16 is C; the
amino acid in the capsid protein corresponding to amino
acid 296 of SEQ ID NO: 16 is H; the amino acid in the
capsid protein corresponding to amino acid 312 of SEQ ID
NO: 16 is Q; the amino acid in the capsid protein corre-
sponding to amino acid 346 of SEQ ID NO: 16 is A; the
amino acid in the capsid protein corresponding to amino
acid 464 of SEQ ID NO: 16 is N; the amino acid in the
capsid protein corresponding to amino acid 468 of SEQ ID
NO: 16 is S; the amino acid in the capsid protein corre-
sponding to amino acid 501 of SEQ ID NO: 16 is I; the
amino acid in the capsid protein corresponding to amino
acid 505 of SEQ ID NO: 16 is R; the amino acid in the
capsid protein corresponding to amino acid 590 of SEQ ID
NO: 16 is R; the amino acid in the capsid protein corre-
sponding to amino acid 626 of SEQ ID NO: 16 is G or Y;
the amino acid in the capsid protein corresponding to amino
acid 681 of SEQ ID NO: 16 is M; the amino acid in the
capsid protein corresponding to amino acid 687 of SEQ ID
NO: 16 is R; the amino acid in the capsid protein corre-
sponding to amino acid 690 of SEQ ID NO: 16 is K; the
amino acid in the capsid protein corresponding to amino
acid 706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ ID
NO: 16 is G. In certain embodiments:
(a) the amino acid in the capsid protein corresponding to
amino acid 626 of SEQ ID NO: 16 is G, and the amino acid
in the capsid protein corresponding to amino acid 718 of
SEQ ID NO: 16 is G;
(b) the amino acid in the capsid protein corresponding to
amino acid 296 of SEQ ID NO: 16 is H, the amino acid in
the capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M;
(c) the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino acid
in the capsid protein corresponding to amino acid 687 of
SEQ ID NO: 16 is R;
(d) the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 16 is A, and the amino acid
in the capsid protein corresponding to amino acid 505 of
SEQ ID NO: 16 is R; or
(e) the amino acid in the capsid protein corresponding to
amino acid 501 of SEQ ID NO: 16 is I, the amino acid in the
capsid protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R, and the amino acid in the capsid protein
corresponding to amino acid 706 of SEQ ID NO: 16 is C.
In certain embodiments, the capsid protein comprises the
amino acid sequence of amino acids 203-736 of SEQ ID
NO: 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 15, 16, or 17.
In certain embodiments, the AAV capsid protein com-
prises an amino acid sequence that is at least 95% identical
to the amino acid sequence of amino acids 138-736 of SEQ
IDNO:1,2,3,4,5,6,7,8,9,10, 11, 12, 13, 15, 16, or 17.
In certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 151 of SEQ ID NO: 16 is R; the
amino acid in the capsid protein corresponding to amino
acid 160 of SEQ ID NO: 16 is D; the amino acid in the
capsid protein corresponding to amino acid 206 of SEQ ID
NO: 16 is C; the amino acid in the capsid protein corre-
sponding to amino acid 296 of SEQ ID NO: 16 is H; the
amino acid in the capsid protein corresponding to amino
acid 312 of SEQ ID NO: 16 is Q; the amino acid in the
capsid protein corresponding to amino acid 346 of SEQ ID
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NO: 16 is A; the amino acid in the capsid protein corre-
sponding to amino acid 464 of SEQ ID NO: 16 is N; the
amino acid in the capsid protein corresponding to amino
acid 468 of SEQ ID NO: 16 is S; the amino acid in the capsid
protein corresponding to amino acid 501 of SEQ ID NO: 16
is I; the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R; the amino acid in
the capsid protein corresponding to amino acid 590 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is G or
Y; the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M; the amino acid in
the capsid protein corresponding to amino acid 687 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 690 of SEQ ID NO: 16 is K; the
amino acid in the capsid protein corresponding to amino
acid 706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ ID
NO: 16 is G. In certain embodiments,

(a) the amino acid in the capsid protein corresponding to
amino acid 626 of SEQ ID NO: 16 is G, and the amino acid
in the capsid protein corresponding to amino acid 718 of
SEQ ID NO: 16 is G;

(b) the amino acid in the capsid protein corresponding to
amino acid 296 of SEQ ID NO: 16 is H, the amino acid in
the capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M;

(c) the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino acid
in the capsid protein corresponding to amino acid 687 of
SEQ ID NO: 16 is R;

(d) the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 16 is A, and the amino acid
in the capsid protein corresponding to amino acid 505 of
SEQ ID NO: 16 is R; or

(e) the amino acid in the capsid protein corresponding to
amino acid 501 of SEQ ID NO: 16 is I, the amino acid in the
capsid protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R, and the amino acid in the capsid protein
corresponding to amino acid 706 of SEQ ID NO: 16 is C.

In certain embodiments, the capsid protein comprises the
amino acid sequence of amino acids 138-736 of SEQ ID
NO: 2,3,4,5,6,7,9,10, 11, 12, 13, 15, 16, or 17.

In certain embodiments, the AAV capsid protein com-
prises an amino acid sequence that is at least 95% identical
to the amino acid sequence of amino acids 1-736 of SEQ ID
NO: 1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 15, 16, or 17. In
certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 2 of SEQ ID NO: 16 is T; the
amino acid in the capsid protein corresponding to amino
acid 65 of SEQ ID NO: 16 is I; the amino acid in the capsid
protein corresponding to amino acid 68 of SEQ ID NO: 16
is V; the amino acid in the capsid protein corresponding to
amino acid 77 of SEQ ID NO: 16 is R; the amino acid in the
capsid protein corresponding to amino acid 119 of SEQ ID
NO: 16 is L; the amino acid in the capsid protein corre-
sponding to amino acid 151 of SEQ ID NO: 16 is R; the
amino acid in the capsid protein corresponding to amino
acid 160 of SEQ ID NO: 16 is D; the amino acid in the
capsid protein corresponding to amino acid 206 of SEQ ID
NO: 16 is C; the amino acid in the capsid protein corre-
sponding to amino acid 296 of SEQ ID NO: 16 is H; the
amino acid in the capsid protein corresponding to amino
acid 312 of SEQ ID NO: 16 is Q; the amino acid in the
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capsid protein corresponding to amino acid 346 of SEQ ID
NO: 16 is A; the amino acid in the capsid protein corre-
sponding to amino acid 464 of SEQ ID NO: 16 is N; the
amino acid in the capsid protein corresponding to amino
acid 468 of SEQ ID NO: 16 is S; the amino acid in the capsid
protein corresponding to amino acid 501 of SEQ ID NO: 16
is I; the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R; the amino acid in
the capsid protein corresponding to amino acid 590 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is G or
Y; the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M; the amino acid in
the capsid protein corresponding to amino acid 687 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 690 of SEQ ID NO: 16 is K;; the
amino acid in the capsid protein corresponding to amino
acid 706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ ID
NO: 16 is G. In certain embodiments:

(a) the amino acid in the capsid protein corresponding to
amino acid 2 of SEQ ID NO: 16 is T, and the amino acid in
the capsid protein corresponding to amino acid 312 of SEQ
ID NO: 16 is Q;

(b) the amino acid in the capsid protein corresponding to
amino acid 65 of SEQ ID NO: 16 is I, and the amino acid
in the capsid protein corresponding to amino acid 626 of
SEQ ID NO: 16 is Y,

(c) the amino acid in the capsid protein corresponding to
amino acid 77 of SEQ ID NO: 16 is R, and the amino acid
in the capsid protein corresponding to amino acid 690 of
SEQ ID NO: 16 is K

(d) the amino acid in the capsid protein corresponding to
amino acid 119 of SEQ ID NO: 16 is L, and the amino acid
in the capsid protein corresponding to amino acid 468 of
SEQ ID NO: 16 is S;

(e) the amino acid in the capsid protein corresponding to
amino acid 626 of SEQ ID NO: 16 is G, and the amino acid
in the capsid protein corresponding to amino acid 718 of
SEQ ID NO: 16 is G;

() the amino acid in the capsid protein corresponding to
amino acid 296 of SEQ ID NO: 16 is H, the amino acid in
the capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M;

(g) the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino acid
in the capsid protein corresponding to amino acid 687 of
SEQ ID NO: 16 is R;

(h) the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 16 is A, and the amino acid
in the capsid protein corresponding to amino acid 505 of
SEQ ID NO: 16 is R; or

(1) the amino acid in the capsid protein corresponding to
amino acid 501 of SEQ ID NO: 16 is I, the amino acid in the
capsid protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R, and the amino acid in the capsid protein
corresponding to amino acid 706 of SEQ ID NO: 16 is C.

In certain embodiments, the capsid protein comprises the
amino acid sequence of amino acids 1-736 of SEQ ID NO:
1,2,3,4,5,6,7,8,9, 10, 11, 12, 13, 15, 16, or 17.

In certain embodiments, the integration efficiency of the
editing element into the target locus is at least 1% when the
AAV is administered to a mouse implanted with human
hepatocytes in the absence of an exogenous nuclease under
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standard AAV administration conditions. In certain embodi-
ments, the allelic frequency of integration of the editing
element into the target locus is at least 0.5% when the AAV
is administered to a mouse implanted with human hepato-
cytes in the absence of an exogenous nuclease under stan-
dard AAV administration conditions.

In another aspect, the instant disclosure provides a phar-
maceutical composition comprising an rAAV disclosed
herein.

In another aspect, the instant disclosure provides a poly-
nucleotide comprising the nucleic acid sequence set forth in
SEQ ID NO: 43, 45, 51, or 52.

In another aspect, the instant disclosure provides a
method for treating a subject having phenylketonuria
(PKU), the method comprising administering to the subject
an effective amount of an rAAV, or pharmaceutical compo-
sition disclosed herein. In certain embodiments, the rAAV or
pharmaceutical composition is administered intravenously.
In certain embodiments, the PKU is associated with a PAH
gene mutation. In certain embodiments, the subject is a
human subject.

In another aspect, the instant disclosure provides a pack-
aging system for preparation of an rAAV, wherein the
packaging system comprises: (a) a first nucleotide sequence
encoding one or more AAV Rep proteins; (b) a second
nucleotide sequence encoding a capsid protein disclosed
herein; and (c) a third nucleotide sequence comprising an
rAAV genome sequence of an rAAV disclosed herein. In
certain embodiments, the packaging system comprises a first
vector comprising the first nucleotide sequence and the
second nucleotide sequence, and a second vector comprising
the third nucleotide sequence. In certain embodiments, the
packaging system further comprises a fourth nucleotide
sequence comprising one or more helper virus genes. In
certain embodiments, the fourth nucleotide sequence is
comprised within a third vector. In certain embodiments, the
fourth nucleotide sequence comprises one or more genes
from a virus selected from the group consisting of adeno-
virus, herpes virus, vaccinia virus, and cytomegalovirus
(CMV). In certain embodiments, the first vector, second
vector, and/or the third vector is a plasmid.

In another aspect, the instant disclosure provides a
method for recombinant preparation of an rA AV, the method
comprising introducing a packaging system disclosed herein
into a cell under conditions whereby the rAAV is produced.

An rA AV, pharmaceutical composition, or polynucleotide
disclosed herein, for use as a medicament. An rAAV, phar-
maceutical composition, or polynucleotide disclosed herein,
for use in the treatment of PKU. An rAAV, pharmaceutical
composition, or polynucleotide disclosed herein, for use in
a method of treating a subject having PKU, the method
comprising administering to the subject an effective amount
of the rAAV, the pharmaceutical composition, or the poly-
nucleotide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic showing the gene transfer and gene
editing mechanism of an rAAV as disclosed herein.

FIGS. 2A-2D are schematics showing the plasmid maps
of PAH-006m (FIG. 2A), PAH-006m-LP-1 (FIG. 2B), PAH-
032h (FIG. 2C), and hPAH-hI1C-032-LP1-SD3 (FIG. 2D).

FIG. 3 is a plot showing the effect of PAH-006m on blood
Phe levels in PAH*"* mice.

FIG. 4 is a plot showing on-target insertion at the mouse
PAH locus following administration of PAH-006m.
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FIG. 5 is a plot showing the effect of PAH-006m on
mRNA expression relative to mouse GAPDH.

FIG. 6 is a plot showing on-target insertion in FRG® mice
following administration of PAH-032h as measured by spe-
cies specific ddPCR editing assays.

FIG. 7 is a plot showing editing of human hepatocytes in
FRG mice as measured by quantitative next generation
sequencing assays.

FIGS. 8A-8C are plots showing the effect of PAH-006m-
LP-1 on blood Phe concentration in PAH*"** mice over time.
FIG. 8A shows the full data set, while FIG. 8B shows the
data over a certain range in time with a reduced y-axis scale
in order to show differences between the dose levels. FIG.
8C shows the on-target integration of PAH-006m-LP-1 in
PAH?"*? mice, as measured by next generation sequencing.

FIGS. 9A-9L are plots showing the efficacy of the gene
transfer/gene editing vector PAH-006m-L.P-1 and an epi-
somal transgene expression vector. FIGS. 9A and 9B are
plots showing the effect of the episomal transgene expres-
sion vector and PAH-006m-LP-1, respectively, packaged in
AAVHSCI5 capsid, on the serum Phe levels of PAH*"?
mice, up to 12 weeks post-dosing at the indicated doses.
FIGS. 9C and 9D are plots showing the effect of the
episomal transgene expression vector and PAH-006m-LP-1,
respectively, packaged in AAVHSC15 capsid, on the serum
Tyr levels of PAH?*** mice, up to 12 weeks post-dosing at
the indicated doses. FIGS. 9E and 9F are plots showing the
effect of the episomal transgene expression vector and
PAH-006m-LP-1, respectively, packaged in AAVHSCI15
capsid, on the level of vector genomes detected per ug of
genomic DNA in PAH“"? mice, at the indicated doses.
FIGS. 9G and 9H are plots showing the effect of the
episomal transgene expression vector and PAH-006m-LP-1,
respectively, packaged in AAVHSC1S5 capsid, on the level of
mRNA expression per 10 ng of total RNA detected in
PAH""*? mice, at the indicated doses. FIG. 91 is a plot
showing the level of on-target integration presented by the
number of viral genomes per allele detected by ddPCR
across various doses as indicated, at 12 weeks post-dosing of
vector packaged in AAVHSCI1S as indicated. FIG. 9] is a
plot showing the frequency of on-target insertion detected
across various doses as indicated, at 12 weeks post-dosing of
vector packaged in AAVHSCI15 as indicated. FIGS. 9K and
9L are plots showing time courses out to 42 weeks (FIG. 9K)
or 40 weeks (FIG. 9L) post-dosing of PAH*"*? mice with
vector and dosage as indicated, of the results of the effect of
a partial hepatectomy (PHx) on serum Phe levels. PHx or
sham surgery was performed at around 2 weeks post-dosing.

FIGS. 10A-10P are plots showing dose range differences
between the mouse-specific gene transfer/gene editing AAV
vector (PAH-006m-LP-1; “mouse design”), and the human-
specific gene transfer/gene editing AAV vector (hPAH-
hI1C-032-LP1-SD3; “human design”) in 4-week (FIGS.
10A-10H) or 10-week-old (FIGS. 10I-10P) PAH”"*? mice
administered the vector packaged in AAVHSCI1S5 capsid as
indicated, at the dosage as indicated.

FIGS. 11A-11K are plots showing the effect the age of
PAHenu2 mice has on the response to a single dose of the
mouse-specific gene transfer/gene editing AAV vector
(PAH-006m-LP-1; “mouse design”), or the human-specific
gene transfer/gene editing AAV vector (hPAH-hI1C-032-
LP1-SD3; “human design”). Serum Phe and Tyr levels
(FIGS. 11A-11D) and vector genome and mRNA levels
(FIGS. 11E-11K) were examined overtime for the various
dosing groups set forth in Table 2.

FIGS. 12A-12C are plots showing the kinetics and dura-
bility of integration over time, of PAH*"** mice administered

10

15

20

25

30

35

40

45

50

55

60

65

10

a mouse-specific gene transfer/gene editing AAV vector
(PAH-006m-LP-1) packaged in AAVHSC15 capsid at a dose
of 1E14 vg/kg. FIGS. 12A and 12B are plots showing the
effect of PAH-006m-LP-1 packaged in AAVHSCI15 capsid
on the level of vector genomes detected per ug of genomic
DNA, and the level of mRNA expression detected per 10 ng
of total RNA in PAH*" mice, respectively, over time. FIG.
12C is a plot showing the frequency of on-target insertion
detected at various time points post-dosing of PAH-006m-
LP-1 packaged in AAVHSCI15 capsid. FIGS. 12D and 12E
are graphs showing the effect on serum Phe (FIG. 12D) and
Tyr (FIG. 12E) in PAH**? mice administered PAH-006m-
LP-1 packaged in AAVHSCI15 capsid at a dose of 1E14
vg/kg, up to 42 weeks post-injection.

FIGS. 13A and 13B are plots showing the effect of
hPAH-hI1C-032-L.P1-SD3 packaged in AAVHSC15 on the
level of vector genomes detected per ug of genomic DNA,
and the level of mRNA expression detected per 10 ng of total
RNA in human hepatocytes isolated from Huliv mice,
respectively, at the indicated doses and timepoints. FIG. 13C
is a plot showing the frequency of on-target insertion
detected in human hepatocytes isolated from HuLiv mice at
various time points post-dosing of hPAH-hI1C-032-LP1-
SD3 packaged in AAVHSCI15, at the indicated doses.

FIGS. 14A-14D are plots showing the amount of integra-
tion at predicted off-target integration sites detected in
genomic DNA isolated from HuLiv mice administered the
human-specific gene transfer/gene editing vector, hPAH-
hI1C-032-L.P1-SD3, packaged in AAVHSCI15 capsid.

DETAILED DESCRIPTION

Provided herein are recombinant adeno-associated virus
(rAAV) compositions that can restore PAH gene function in
cells, and methods for using the same to treat diseases
associated with reduction of PAH gene function (e.g., PKU).
Also provided are nucleic acids, vectors, packaging systems,
and methods for making the adeno-associated virus compo-
sitions.

1. DEFINITIONS

As used herein, the terms “recombinant adeno-associated
virus” or “rAAV” refers to an AAV comprising a genome
lacking functional rep and cap genes.

As used herein, the term “PAH gene” refers to the
phenylalanine hydroxylase (PAH) gene, including but not
limited to the coding regions, exons, introns, 5' UTR, 3'
UTR, and transcriptional regulatory regions of the PAH
gene. The human PAH gene is identified by Entrez Gene ID
5053. An exemplary nucleotide sequence of a PAH mRNA
is provided as SEQ ID NO: 53. An exemplary amino acid
sequence of a PAH polypeptide is provided as SEQ ID NO:
33. In certain embodiments, the PAH gene is a variant PAH
gene. Variant PAH genes are known to those of skill in the
art and may comprise one or more nucleotide differences as
compared to the reference human genome. In certain
embodiments, a variant PAH gene is a common variant
observed in the general populace. For example, variant
rs1522296 comprises a single nucleotide difference from the
reference human genome at the genomic location in the
human genome build Hg38 at chrl2: 103310787. This
variant is seen in >30% of the global population and has no
known association to either changes in PAH expression or
disease risk.

As used herein, the term “rAAV genome” refers to a
recombinant AAV genome that is capable of integrating an
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editing element (e.g., one or more nucleotides or an inter-
nucleotide bond) via homologous recombination into a
target locus to correct a genetic defect in a PAH gene. In
certain embodiments, the target locus is in the human PAH
gene. The skilled artisan will appreciate that the portion of
an rAAV genome comprising the 5' homology arm, editing
element, and 3' homology arm can be in the sense or
antisense orientation relative to the target locus (e.g., the
human PAH gene).

As used herein, the term “editing element” refers to the
portion of an rAAV genome that when integrated at a target
locus modifies the target locus. An editing element can
mediate insertion, deletion, or substitution of one or more
nucleotides at the target locus.

As used herein, the term “target locus” refers to a region
of a chromosome or an internucleotide bond (e.g., a region
or an internucleotide bond of the human PAH gene) that is
modified by an editing element.

As used herein, the term “homology arm” refers to a
portion of an rAAV genome positioned 5' or 3' of an editing
element that is substantially identical to the genome flanking
a target locus. In certain embodiments, the target locus is in
a human PAH gene, and the homology arm comprises a
sequence substantially identical to the genome flanking the
target locus.

As used herein, the term “AAV capsid protein” refers to
an AAV VP1, VP2, or VP3 capsid protein. As used herein,
the term “Clade F capsid protein” refers to an AAV VPI,
VP2, or VP3 capsid protein that comprises an amino acid
sequence having at least 90% identity with the VP1, VP2, or
VP3 amino acid sequences set forth, respectively, in amino
acids 1-736, 138-736, and 203-736 of SEQ ID NO: 1 herein.

As used herein, the “percentage identity” between two
nucleotide sequences or between two amino acid sequences
is calculated by multiplying the number of matches between
the pair of aligned sequences by 100, and dividing by the
length of the aligned region, including internal gaps. Identity
scoring only counts perfect matches and does not consider
the degree of similarity of amino acids to one another. Note
that only internal gaps are included in the length, not gaps
at the sequence ends.

As used herein, the term “a disease or disorder associated
with a PAH gene mutation” refers to any disease or disorder
caused by, exacerbated by, or genetically linked with varia-
tion of a PAH gene. In certain embodiments, the disease or
disorder associated with a PAH gene mutation is phenylke-
tonuria (PKU).

As used herein, the term “silently altered” refers to
alteration of a coding sequence or a stuffer-inserted coding
sequence of a gene (e.g., by nucleotide substitution) without
changing the amino acid sequence of the polypeptide
encoded by the coding sequence or stuffer-inserted coding
sequence. Codon alteration can be conducted by any method
known in the art (e.g., as described in Mauro & Chappell
(2014) Trends Mol Med. 20(11):604-13, which is incorpo-
rated by reference herein in its entirety). Such silent altera-
tion is advantageous in that it reduces the likelihood of
integration of the rAAV genome into loci of other genes or
pseudogenes paralogous to the target gene. Such silent
alteration also reduces the homology between the editing
element and the target gene, thereby reducing undesired
integration mediated by the editing element rather than by a
homology arm.

As used herein, the term “coding sequence” refers to the
portion of a complementary DNA (cDNA) that encodes a
polypeptide, starting at the start codon and ending at the stop
codon. A gene may have one or more coding sequences due
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to alternative splicing and/or alternative translation initia-
tion. A coding sequence may either be wild-type or silently
altered. An exemplary wild-type PAH coding sequence is set
forth in SEQ ID NO: 53.

As used herein, the term “polyadenylation sequence”
refers to a DNA sequence that when transcribed into RNA
constitutes a polyadenylation signal sequence. The polyade-
nylation sequence can be native (e.g., from the PAH gene)
or exogenous. The exogenous polyadenylation sequence can
be a mammalian or a viral polyadenylation sequence (e.g.,
an SV40 polyadenylation sequence).

As used herein, the term “intron element” refers to a
cis-acting nucleotide sequence, for example, a DNA
sequence, that regulates (e.g., controls, increases, or
reduces) expression of a transgene. In certain embodiments,
an intron element is a modified intron, e.g., a synthetic intron
sequence. In certain embodiments, an intron element is an
exogenous intron element and is derived from an intron
exogenous to the transgene it may regulate. In certain
embodiments, an intron element comprises a modified splice
acceptor and/or splice donor resulting in more robust splic-
ing activity. While not wishing to be bound by theory, it is
hypothesized that introns can increase transgene expression,
for example, by reducing transcriptional silencing and
enhancing mRNA export from the nucleus to the cytoplasm.
A skilled worker will appreciate that synthetic intron
sequences can be designed to mediate RNA splicing by
introducing any consensus splicing motifs known in the art
(e.g., in Sibley et al. (2016) Nature Reviews Genetics, 17,
407-21, which is incorporated by reference herein in its
entirety). Exemplary intron sequences are provided in Lu et
al. (2013) Molecular Therapy 21(5): 954-63, and Lu et al.
(2017) Hum. Gene Ther. 28(1): 125-34, which are incorpo-
rated by reference herein in their entirety.

As used herein, the term “transcriptional regulatory ele-
ment” or “TRE” refers to a cis-acting nucleotide sequence,
for example, a DNA sequence, that regulates (e.g., controls,
increases, or reduces) transcription of an operably linked
nucleotide sequence by an RNA polymerase to form an
RNA molecule. A TRE relies on one or more trans-acting
molecules, such as transcription factors, to regulate tran-
scription. Thus, one TRE may regulate transcription in
different ways when it is in contact with different trans-
acting molecules, for example, when it is in different types
of cells. A TRE may comprise one or more promoter
elements and/or enhancer elements. A skilled artisan would
appreciate that the promoter and enhancer elements in a
gene may be close in location, and the term “promoter” may
refer to a sequence comprising a promoter element and an
enhancer element. Thus, the term “promoter” does not
exclude an enhancer element in the sequence. The promoter
and enhancer elements do not need to be derived from the
same gene or species, and the sequence of each promoter or
enhancer element may be either identical or substantially
identical to the corresponding endogenous sequence in the
genome.

As used herein, the term “operably linked” is used to
describe the connection between a TRE and a coding
sequence to be transcribed. Typically, gene expression is
placed under the control of a TRE comprising one or more
promoter and/or enhancer elements. The coding sequence is
“operably linked” to the TRE if the transcription of the
coding sequence is controlled or influenced by the TRE. The
promoter and enhancer elements of the TRE may be in any
orientation and/or distance from the coding sequence, as
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long as the desired transcriptional activity is obtained. In
certain embodiments, the TRE is upstream from the coding
sequence.

In the instant disclosure, nucleotide positions in a PAH
gene are specified relative to the first nucleotide of the start
codon. The first nucleotide of a start codon is position 1; the
nucleotides 5' to the first nucleotide of the start codon have
negative numbers; the nucleotides 3' to the first nucleotide of
the start codon have positive numbers. As used herein,
nucleotide 1 of the human PAH gene is nucleotide 5,473 of
the NCBI Reference Sequence: NG_008690.1, and nucleo-
tide -1 of the human PAH gene is nucleotide 5,472 of the
NCBI Reference Sequence: NG_008690.1.

In the instant disclosure, exons and introns in a PAH gene
are specified relative to the exon encompassing the first
nucleotide of the start codon, which is nucleotide 5473 of the
NCBI Reference Sequence: NG_008690.1. The exon
encompassing the first nucleotide of the start codon is exon
1. Exons 3' to exon 1 are from 5' to 3": exon 2, exon 3, etc.
Introns 3' to exon 1 are from 5' to 3": intron 1, intron 2, etc.
Accordingly, the PAH gene comprises from 5' to 3" exon 1,
intron 1, exon 2, intron 2, exon 3, etc. As used herein, exon
1 of the human PAH gene is nucleotides 5001-5532 of the
NCBI Reference Sequence: NG_008690.1, and intron 1 of
the human PAH gene is nucleotides 5533-9704 of the NCBI
Reference Sequence: NG_008690.1.

As used herein, the term “integration” refers to introduc-
tion of an editing element into a target locus (e.g., of a PAH
gene) by homologous recombination between an rAAV
genome and the target locus. Integration of an editing
element can result in substitution, insertion and/or deletion
of one or more nucleotides in a target locus (e.g., of a PAH
gene).

As used herein, the term “integration efficiency of the
editing element into the target locus” refers to the percentage
of cells in a transduced population in which integration of
the editing element into the target locus has occurred.

As used herein, the term “allelic frequency of integration
of the editing element into the target locus™ refers to the
percentage of alleles in a population of transduced cells in
which integration of the editing element into the target locus
has occurred.

As used herein, the term “standard AAV administration
conditions” refers to transduction of human hepatocytes
implanted into a mouse following hepatocyte ablation,
wherein the AAV is administered intravenously at a dose of
1x10"? vector genomes per kilogram of body weight.

As used herein, the term “effective amount™ in the context
of the administration of an AAV to a subject refers to the
amount of the AAV that achieves a desired prophylactic or
therapeutic effect.

As used herein, the term “about” or “approximately”
when referring to a measurable value, such as the expression
level of an IDS protein, encompasses variations of £20% or
+10%, £5%, £1%, or £0.1% of a given value or range, as are
appropriate to perform the methods disclosed herein.

1I. ADENO-ASSOCIATED VIRUS
COMPOSITIONS

In one aspect, provided herein are novel rAAV composi-
tions useful for restoring PAH expression in cells with
reduced or otherwise defective PAH gene function. Such
rAAV compositions are highly efficient at editing the
genome of cells (e.g., liver cells) in a subject to express PAH
under the control of a liver-specific promoter, and do not
require cleavage of the genome at the target locus by the
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action of an exogenous nuclease (e.g., a meganuclease, a
zinc finger nuclease, a transcriptional activator-like nuclease
(TALEN), or an RNA-guided nuclease such as a Cas9) to
facilitate such editing. Accordingly, in certain embodiments,
the rAAV compositions disclosed herein do not comprise or
require an exogenous nuclease or a nucleotide sequence that
encodes an exogenous nuclease.

In certain embodiments, the rAAV disclosed herein com-
prises: (a) an AAV capsid comprising an AAV capsid protein
(e.g., an AAV Clade F capsid protein); and (b) an rAAV
genome comprising: (i) an editing element for editing a
target locus in a PAH gene, comprising at least a portion of
a PAH coding sequence operably linked to a transcriptional
regulatory element; (ii) a 5' homology arm nucleotide
sequence position 5' of the editing element, having homol-
ogy to a first genomic region 5' to the target locus; and (iii)
a 3' homology arm nucleotide sequence positioned 3' of the
editing element, having homology to a second genomic
region 3' to the target locus. In certain embodiments, the
rAAV disclosed herein has the potential to express a PAH
transgene both via episomal expression and through inser-
tion of the editing element into the genome at the target
locus in the PAH gene (see, FIG. 1). In certain embodiments,
the rAAV disclosed herein allows for the expression of PAH
to be maintained throughout the period of hepatic growth,
during which episomal expression may be lost. Accordingly,
the rAAV compositions are particularly useful for treating
juvenile PKU.

A capsid protein from any capsid known in the art can be
used in the rAAV compositions disclosed herein, including,
without limitation, a capsid protein from an AAV1, AAV2,
AAV3, AAV4, AAVS, AAV6, AAVT, AAVS, or AAV9 sero-
type. For example, in certain embodiments, the capsid
protein comprises an amino acid sequence having at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of amino
acids 203-736 of SEQIDNO: 1, 2,3, 4, 5,6,7, 8,9, 10, 11,
12, 13, 15, 16, or 17. In certain embodiments, the capsid
protein comprises an amino acid sequence having at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of amino
acids 203-736 of SEQIDNO: 1, 2,3, 4, 5,6,7, 8,9, 10, 11,
12, 13, 15, 16, or 17, wherein: the amino acid in the capsid
protein corresponding to amino acid 206 of SEQ ID NO: 16
is C; the amino acid in the capsid protein corresponding to
amino acid 296 of SEQ ID NO: 16 is H; the amino acid in
the capsid protein corresponding to amino acid 312 of SEQ
ID NO: 16 is Q; the amino acid in the capsid protein
corresponding to amino acid 346 of SEQ ID NO: 16 is A; the
amino acid in the capsid protein corresponding to amino
acid 464 of SEQ ID NO: 16 is N; the amino acid in the
capsid protein corresponding to amino acid 468 of SEQ ID
NO: 16 is S; the amino acid in the capsid protein corre-
sponding to amino acid 501 of SEQ ID NO: 16 is I; the
amino acid in the capsid protein corresponding to amino
acid 505 of SEQ ID NO: 16 is R; the amino acid in the
capsid protein corresponding to amino acid 590 of SEQ ID
NO: 16 is R; the amino acid in the capsid protein corre-
sponding to amino acid 626 of SEQ ID NO: 16 is G or Y;
the amino acid in the capsid protein corresponding to amino
acid 681 of SEQ ID NO: 16 is M; the amino acid in the
capsid protein corresponding to amino acid 687 of SEQ ID
NO: 16 is R; the amino acid in the capsid protein corre-
sponding to amino acid 690 of SEQ ID NO: 16 is K; the
amino acid in the capsid protein corresponding to amino
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acid 706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ ID
NO: 16 is G. In certain embodiments, the amino acid in the
capsid protein corresponding to amino acid 626 of SEQ ID
NO: 16 is G, and the amino acid in the capsid protein
corresponding to amino acid 718 of SEQ ID NO: 16 is G. In
certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 296 of SEQ ID NO: 16 is H, the
amino acid in the capsid protein corresponding to amino
acid 464 of SEQ ID NO: 16 is N, the amino acid in the
capsid protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R, and the amino acid in the capsid protein
corresponding to amino acid 681 of SEQ ID NO: 16 is M.
In certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 687 of SEQ ID NO: 16 is R. In certain embodi-
ments, the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 16 is A, and the amino acid
in the capsid protein corresponding to amino acid 505 of
SEQ ID NO: 16 is R. In certain embodiments, the amino
acid in the capsid protein corresponding to amino acid 501
of SEQ ID NO: 16 is I, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 706 of SEQ ID NO: 16 is C. In certain embodi-
ments, the capsid protein comprises the amino acid sequence
of amino acids 203-736 of SEQ ID NO: 1, 2,3, 4,5, 6,7,
8,9, 10, 11, 12, 13, 15, 16, or 17.

For example, in certain embodiments, the capsid protein
comprises an amino acid sequence having at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of amino
acids 138-736 of SEQID NO: 1, 2,3, 4, 5,6,7, 8,9, 10, 11,
12, 13, 15, 16, or 17. In certain embodiments, the capsid
protein comprises an amino acid sequence having at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of amino
acids 138-736 of SEQID NO: 1, 2,3, 4, 5,6,7, 8,9, 10, 11,
12, 13, 15, 16, or 17, wherein: the amino acid in the capsid
protein corresponding to amino acid 151 of SEQ ID NO: 16
is R; the amino acid in the capsid protein corresponding to
amino acid 160 of SEQ ID NO: 16 is D; the amino acid in
the capsid protein corresponding to amino acid 206 of SEQ
ID NO: 16 is C; the amino acid in the capsid protein
corresponding to amino acid 296 of SEQ ID NO: 16 is H; the
amino acid in the capsid protein corresponding to amino
acid 312 of SEQ ID NO: 16 is Q; the amino acid in the
capsid protein corresponding to amino acid 346 of SEQ ID
NO: 16 is A; the amino acid in the capsid protein corre-
sponding to amino acid 464 of SEQ ID NO: 16 is N; the
amino acid in the capsid protein corresponding to amino
acid 468 of SEQ ID NO: 16 is S; the amino acid in the capsid
protein corresponding to amino acid 501 of SEQ ID NO: 16
is I; the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R; the amino acid in
the capsid protein corresponding to amino acid 590 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is G or
Y; the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M; the amino acid in
the capsid protein corresponding to amino acid 687 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 690 of SEQ ID NO: 16 is K;; the
amino acid in the capsid protein corresponding to amino
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acid 706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ ID
NO: 16 is G. In certain embodiments, the amino acid in the
capsid protein corresponding to amino acid 626 of SEQ ID
NO: 16 is G, and the amino acid in the capsid protein
corresponding to amino acid 718 of SEQ ID NO: 16 is G. In
certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 296 of SEQ ID NO: 16 is H, the
amino acid in the capsid protein corresponding to amino
acid 464 of SEQ ID NO: 16 is N, the amino acid in the
capsid protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R, and the amino acid in the capsid protein
corresponding to amino acid 681 of SEQ ID NO: 16 is M.
In certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 687 of SEQ ID NO: 16 is R. In certain embodi-
ments, the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 16 is A, and the amino acid
in the capsid protein corresponding to amino acid 505 of
SEQ ID NO: 16 is R. In certain embodiments, the amino
acid in the capsid protein corresponding to amino acid 501
of SEQ ID NO: 16 is I, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 706 of SEQ ID NO: 16 is C. In certain embodi-
ments, the capsid protein comprises the amino acid sequence
of amino acids 138-736 of SEQ ID NO: 1, 2,3, 4, 5,6, 7,
8,9, 10, 11, 12, 13, 15, 16, or 17.

For example, in certain embodiments, the capsid protein
comprises an amino acid sequence having at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of amino
acids 1-736 of SEQ ID NO: 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11,
12, 13, 15, 16, or 17. In certain embodiments, the capsid
protein comprises an amino acid sequence having at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the amino acid sequence of amino
acids 1-736 of SEQ ID NO: 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11,
12, 13, 15, 16, or 17, wherein: the amino acid in the capsid
protein corresponding to amino acid 2 of SEQ ID NO: 16 is
T; the amino acid in the capsid protein corresponding to
amino acid 65 of SEQ ID NO: 16 is I; the amino acid in the
capsid protein corresponding to amino acid 68 of SEQ ID
NO: 16 is V; the amino acid in the capsid protein corre-
sponding to amino acid 77 of SEQ ID NO: 16 is R; the
amino acid in the capsid protein corresponding to amino
acid 119 of SEQ ID NO: 16 is L; the amino acid in the capsid
protein corresponding to amino acid 151 of SEQ ID NO: 16
is R; the amino acid in the capsid protein corresponding to
amino acid 160 of SEQ ID NO: 16 is D; the amino acid in
the capsid protein corresponding to amino acid 206 of SEQ
ID NO: 16 is C; the amino acid in the capsid protein
corresponding to amino acid 296 of SEQ ID NO: 16 is H; the
amino acid in the capsid protein corresponding to amino
acid 312 of SEQ ID NO: 16 is Q; the amino acid in the
capsid protein corresponding to amino acid 346 of SEQ ID
NO: 16 is A; the amino acid in the capsid protein corre-
sponding to amino acid 464 of SEQ ID NO: 16 is N; the
amino acid in the capsid protein corresponding to amino
acid 468 of SEQ ID NO: 16 is S; the amino acid in the capsid
protein corresponding to amino acid 501 of SEQ ID NO: 16
is I; the amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R; the amino acid in
the capsid protein corresponding to amino acid 590 of SEQ
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ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is G or
Y; the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M; the amino acid in
the capsid protein corresponding to amino acid 687 of SEQ
ID NO: 16 is R; the amino acid in the capsid protein
corresponding to amino acid 690 of SEQ ID NO: 16 is K;; the
amino acid in the capsid protein corresponding to amino
acid 706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ ID
NO: 16 is G. In certain embodiments, the amino acid in the
capsid protein corresponding to amino acid 2 of SEQ ID
NO: 16 is T, and the amino acid in the capsid protein
corresponding to amino acid 312 of SEQ ID NO: 16 is Q. In
certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 65 of SEQ ID NO: 16 is I, and
the amino acid in the capsid protein corresponding to amino
acid 626 of SEQ ID NO: 16 is Y. In certain embodiments, the
amino acid in the capsid protein corresponding to amino
acid 77 of SEQ ID NO: 16 is R, and the amino acid in the
capsid protein corresponding to amino acid 690 of SEQ ID
NO: 16 is K. In certain embodiments, the amino acid in the
capsid protein corresponding to amino acid 119 of SEQ ID
NO: 16 is L, and the amino acid in the capsid protein
corresponding to amino acid 468 of SEQ ID NO: 16 is S. In
certain embodiments, the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is G,
and the amino acid in the capsid protein corresponding to
amino acid 718 of SEQ ID NO: 16 is G. In certain embodi-
ments, the amino acid in the capsid protein corresponding to
amino acid 296 of SEQ ID NO: 16 is H, the amino acid in
the capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is R,
and the amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M. In certain
embodiments, the amino acid in the capsid protein corre-
sponding to amino acid 505 of SEQ ID NO: 16 is R, and the
amino acid in the capsid protein corresponding to amino
acid 687 of SEQ ID NO: 16 is R. In certain embodiments,
the amino acid in the capsid protein corresponding to amino
acid 346 of SEQ ID NO: 16 is A, and the amino acid in the
capsid protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R. In certain embodiments, the amino acid in the
capsid protein corresponding to amino acid 501 of SEQ ID
NO: 16 is 1, the amino acid in the capsid protein corre-
sponding to amino acid 505 of SEQ ID NO: 16 is R, and the
amino acid in the capsid protein corresponding to amino
acid 706 of SEQ ID NO: 16 is C. In certain embodiments,
the capsid protein comprises the amino acid sequence of
amino acids 1-736 of SEQ ID NO: 1, 2,3,4,5,6,7,8,9,
10, 11, 12, 13, 15, 16, or 17.

In certain embodiments, the AAV capsid comprises two or
more of: (a) a capsid protein comprising the amino acid
sequence of amino acids 203-736 of SEQ ID NO: 1, 2, 3, 4,
6, 7, 10, 11, 12, 13, 15, 16, or 17; (b) a capsid protein
comprising the amino acid sequence of amino acids 138-736
of SEQIDNO: 1, 2,3,4,5,6,7,9, 10, 11, 12, 13, 15, 16,
or 17; and (c) a capsid protein comprising the amino acid
sequence of amino acids 1-736 of SEQ ID NO: 1, 2,3, 4, 5,
6,7,8,9,10, 11, 12, 13, 15, 16, or 17. In certain embodi-
ments, the AAV capsid comprises: (a) a capsid protein
having an amino acid sequence consisting of amino acids
203-736 of SEQ ID NO: 1, 2, 3, 4, 6, 7, 10, 11, 12, 13, 15,
16, or 17; (b) a capsid protein having an amino acid
sequence consisting of amino acids 138-736 of SEQ ID NO:
1,2,3,4,5,6,7,9, 10, 11, 12, 13, 15, 16, or 17; and (c) a
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capsid protein having an amino acid sequence consisting of
amino acids 1-736 of SEQ ID NO: 1, 2,3, 4,5,6,7,8, 9,
10, 11, 12, 13, 15, 16, or 17.

In certain embodiments, the AAV capsid comprises one or
more of: (a) a capsid protein comprising an amino acid
sequence having at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity with the
sequence of amino acids 203-736 of SEQ ID NO: 8; (b) a
capsid protein comprising an amino acid sequence having at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity with the sequence of amino
acids 138-736 of SEQ ID NO: 8; and (c) a capsid protein
comprising an amino acid sequence having at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity with the sequence of amino acids 1-736 of
SEQ ID NO: 8. In certain embodiments, the AAV capsid
comprises one or more of: (a) a capsid protein comprising
the amino acid sequence of amino acids 203-736 of SEQ ID
NO: 8; (b) a capsid protein comprising the amino acid
sequence of amino acids 138-736 of SEQ ID NO: 8; and (¢)
a capsid protein comprising the amino acid sequence of
amino acids 1-736 of SEQ ID NO: 8. In certain embodi-
ments, the AAV capsid comprises two or more of: (a) a
capsid protein comprising the amino acid sequence of amino
acids 203-736 of SEQ ID NO: 8; (b) a capsid protein
comprising the amino acid sequence of amino acids 138-736
of SEQ ID NO: 8; and (c) a capsid protein comprising the
amino acid sequence of amino acids 1-736 of SEQ ID NO:
8. In certain embodiments, the AAV capsid comprises: (a) a
capsid protein having an amino acid sequence consisting of
amino acids 203-736 of SEQ ID NO: 8; (b) a capsid protein
having an amino acid sequence consisting of amino acids
138-736 of SEQ ID NO: 8; and (c) a capsid protein having
an amino acid sequence consisting of amino acids 1-736 of
SEQ ID NO: 8.

In certain embodiments, the AAV capsid comprises one or
more of: (a) a capsid protein comprising an amino acid
sequence having at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity with the
sequence of amino acids 203-736 of SEQ ID NO: 11; (b) a
capsid protein comprising an amino acid sequence having at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity with the sequence of amino
acids 138-736 of SEQ ID NO: 11; and (c) a capsid protein
comprising an amino acid sequence having at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity with the sequence of amino acids 1-736 of
SEQ ID NO: 11. In certain embodiments, the AAV capsid
comprises one or more of: (a) a capsid protein comprising
the amino acid sequence of amino acids 203-736 of SEQ ID
NO: 11; (b) a capsid protein comprising the amino acid
sequence of amino acids 138-736 of SEQ ID NO: 11; and (¢)
a capsid protein comprising the amino acid sequence of
amino acids 1-736 of SEQ ID NO: 11. In certain embodi-
ments, the AAV capsid comprises two or more of: (a) a
capsid protein comprising the amino acid sequence of amino
acids 203-736 of SEQ ID NO: 11; (b) a capsid protein
comprising the amino acid sequence of amino acids 138-736
of SEQ ID NO: 11; and (c) a capsid protein comprising the
amino acid sequence of amino acids 1-736 of SEQ ID NO:
11. In certain embodiments, the AAV capsid comprises: (a)
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a capsid protein having an amino acid sequence consisting
of amino acids 203-736 of SEQ ID NO: 11; (b) a capsid
protein having an amino acid sequence consisting of amino
acids 138-736 of SEQ ID NO: 11; and (c) a capsid protein
having an amino acid sequence consisting of amino acids
1-736 of SEQ ID NO: 11.

In certain embodiments, the AAV capsid comprises one or
more of: (a) a capsid protein comprising an amino acid
sequence having at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity with the
sequence of amino acids 203-736 of SEQ ID NO: 13; (b) a
capsid protein comprising an amino acid sequence having at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity with the sequence of amino
acids 138-736 of SEQ ID NO: 13; and (c) a capsid protein
comprising an amino acid sequence having at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity with the sequence of amino acids 1-736 of
SEQ ID NO: 13. In certain embodiments, the AAV capsid
comprises one or more of: (a) a capsid protein comprising
the amino acid sequence of amino acids 203-736 of SEQ ID
NO: 13; (b) a capsid protein comprising the amino acid
sequence of amino acids 138-736 of SEQ ID NO: 13; and (¢)
a capsid protein comprising the amino acid sequence of
amino acids 1-736 of SEQ ID NO: 13. In certain embodi-
ments, the AAV capsid comprises two or more of: (a) a
capsid protein comprising the amino acid sequence of amino
acids 203-736 of SEQ ID NO: 13; (b) a capsid protein
comprising the amino acid sequence of amino acids 138-736
of SEQ ID NO: 13; and (c) a capsid protein comprising the
amino acid sequence of amino acids 1-736 of SEQ ID NO:
13. In certain embodiments, the AAV capsid comprises: (a)
a capsid protein having an amino acid sequence consisting
of amino acids 203-736 of SEQ ID NO: 13; (b) a capsid
protein having an amino acid sequence consisting of amino
acids 138-736 of SEQ ID NO: 13; and (c) a capsid protein
having an amino acid sequence consisting of amino acids
1-736 of SEQ ID NO: 13.

In certain embodiments, the AAV capsid comprises one or
more of: (a) a capsid protein comprising an amino acid
sequence having at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity with the
sequence of amino acids 203-736 of SEQ ID NO: 16; (b) a
capsid protein comprising an amino acid sequence having at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% sequence identity with the sequence of amino acids
138-736 of SEQ ID NO: 16; and (c) a capsid protein
comprising an amino acid sequence having at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity with the sequence of amino acids 1-736 of
SEQ ID NO: 16. In certain embodiments, the AAV capsid
comprises one or more of: (a) a capsid protein comprising
the amino acid sequence of amino acids 203-736 of SEQ ID
NO: 16; (b) a capsid protein comprising the amino acid
sequence of amino acids 138-736 of SEQ ID NO: 16; and (¢)
a capsid protein comprising the amino acid sequence of
amino acids 1-736 of SEQ ID NO: 16. In certain embodi-
ments, the AAV capsid comprises two or more of: (a) a
capsid protein comprising the amino acid sequence of amino
acids 203-736 of SEQ ID NO: 16; (b) a capsid protein
comprising the amino acid sequence of amino acids 138-736
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of SEQ ID NO: 16; and (c) a capsid protein comprising the
amino acid sequence of amino acids 1-736 of SEQ ID NO:
16. In certain embodiments, the AAV capsid comprises: (a)
a capsid protein having an amino acid sequence consisting
of amino acids 203-736 of SEQ ID NO: 16; (b) a capsid
protein having an amino acid sequence consisting of amino
acids 138-736 of SEQ ID NO: 16; and (c) a capsid protein
having an amino acid sequence consisting of amino acids
1-736 of SEQ ID NO: 16.

rAAV genomes useful in the AAV compositions disclosed
herein generally comprise: (i) an editing element for editing
a target locus in a PAH gene, comprising at least a portion
of a PAH coding sequence operably linked to a transcrip-
tional regulatory element; (ii) a 5' homology arm nucleotide
sequence position 5' of the editing element, having homol-
ogy to a first genomic region 5' to the target locus; and (iii)
a 3' homology arm nucleotide sequence positioned 3' of the
editing element, having homology to a second genomic
region 3' to the target locus. In certain embodiments, the
rAAV genome comprises a 5' inverted terminal repeat (5'
ITR) nucleotide sequence 5' of the 5' homology arm nucleo-
tide sequence, and a 3' inverted terminal repeat (3' ITR)
nucleotide sequence 3' of the 3' homology arm nucleotide
sequence.

Editing elements used in the rAAV genomes disclosed
herein can mediate insertion, deletion, or substitution of one
or more nucleotides at the target locus.

In certain embodiments, when correctly integrated by
homologous recombination at the target locus, the editing
element inserts a nucleotide sequence comprising at least a
portion of a PAH coding sequence into a PAH gene. In
certain embodiments, the editing element comprises a PAH
coding sequence (e.g., a complete PAH coding sequence).

In certain embodiments, the PAH coding sequence
encodes a wild-type PAH polypeptide (e.g., having the
amino acid sequence set forth in SEQ ID NO: 33). In certain
embodiments, the PAH coding sequence is wild-type (e.g.,
comprising the nucleotide sequence set forth in SEQ ID NO:
53). In certain embodiments, the PAH coding sequence is
silently altered to be less than 100% (e.g., less than 95%,
90%, 85%, 80%, 75%, 70%, 65%, 60%, 55%, or 50%)
identical to the corresponding exons of the wild-type PAH
gene. In certain embodiments, the PAH coding sequence
comprises or consists of a nucleotide sequence that is at least
78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, or 99% identical to the nucleotide sequence set forth
in SEQ ID NO: 28, 63, or 83. In certain embodiments, the
PAH coding sequence comprises the nucleotide sequence set
forth in SEQ ID NO: 28. In certain embodiments, the PAH
coding sequence consists of the nucleotide sequence set
forth in SEQ ID NO: 28. In certain embodiments, the PAH
coding sequence comprises the nucleotide sequence set forth
in SEQ ID NO: 63. In certain embodiments, the PAH coding
sequence consists of the nucleotide sequence set forth in
SEQ ID NO: 63. In certain embodiments, the PAH coding
sequence comprises the nucleotide sequence set forth in
SEQ ID NO: 83. In certain embodiments, the PAH coding
sequence consists of the nucleotide sequence set forth in
SEQ ID NO: 83.

In certain embodiments, rAAV genomes useful in the
AAV compositions disclosed herein comprise a transcrip-
tional regulatory element (TRE) operably linked to at least
a portion of a PAH coding sequence. In certain embodi-
ments, rAAV genomes useful in the AAV compositions
disclosed herein comprise from 5' to 3" a TRE, and the at
least a portion of a PAH coding sequence.
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The rAAV genome can be used to express PAH in any
mammalian cells (e.g., human cells). Thus, the TRE can be
active in any mammalian cells (e.g., human cells). In certain
embodiments, the TRE is active in a broad range of human
cells. Such TREs may comprise constitutive promoter and/
or enhancer elements including cytomegalovirus (CMV)
promoter/enhancer (e.g., comprising a nucleotide sequence
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 54, 55, or 56), SV40
promoter, chicken ACTB promoter (e.g., comprising a
nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 47 or 57), JeT promoter (e.g., comprising a nucleotide
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 58),
smCBA promoter (e.g., comprising a nucleotide sequence at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 59), human elon-
gation factor 1 alpha (EFla) promoter (e.g., comprising a
nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 39), minute virus of mouse (MVM) intron which
comprises transcription factor binding sites (e.g., comprising
a nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 61), human phosphoglycerate kinase (PGK1) promoter,
human ubiquitin C (Ubc) promoter, human beta actin pro-
moter, human neuron-specific enolase (ENO2) promoter,
human beta-glucuronidase (GUSB) promoter, a rabbit beta-
globin element (e.g., comprising a nucleotide sequence at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 41 or 62), human
calmodulin 1 (CALM1) promoter (e.g., comprising a
nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 44), and/or human Methyl-CpG Binding Protein 2
(MeCP2) promoter. Any of these TREs can be combined in
any order to drive efficient transcription. For example, an
rAAV genome may comprise a CMV enhancer, a CBA
promoter, and the splice acceptor from exon 3 of the rabbit
beta-globin gene, collectively called a CAG promoter (e.g.,
comprising a nucleotide sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 42 or 64). For example, an rAAV genome
may comprise a hybrid of CMV enhancer and CBA pro-
moter followed by a splice donor and splice acceptor,
collectively called a CASI promoter region (e.g., comprising
a nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 48 or 65).

Alternatively, the TRE may be a tissue-specific TRE, i.e.,
it is active in specific tissue(s) and/or organ(s). A tissue-
specific TRE comprises one or more tissue-specific pro-
moter and/or enhancer elements, and optionally one or more
constitutive promoter and/or enhancer elements. A skilled
artisan would appreciate that tissue-specific promoter and/or
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enhancer elements can be isolated from genes specifically
expressed in the tissue by methods well known in the art.

In certain embodiments, the TRE is liver-specific (e.g.,
hepatocyte-specific). Exemplary liver-specific TREs may
comprise one or more elements selected from the group
consisting of human albumin promoter, human transthyretin
(TTR) promoter (e.g., comprising a nucleotide sequence at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 66), human APOE/
C-I hepatic control region (HCR) 1 or 2 (e.g., comprising a
nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 25 or 68), human APOH promoter, and human SER-
PINA1 (hAAT) promoter (e.g., comprising a nucleotide
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 26, 69
or 70) or a hepatic specific regulatory module thereof (e.g.,
comprising a nucleotide sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 71). In certain embodiments, an hAAT
promoter region comprises a nucleotide sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 72. More liver-specific
promoter elements are disclosed in WO 2009/130208 and
Kramer et al. Molecular Therapy (2003) 7, 375-385, which
are incorporated by reference herein in their entirety.

In certain embodiments, the TRE is kidney-specific (e.g.,
renal epithelial cell-specific). Exemplary kidney-specific
TREs may comprise one or more elements selected from the
group consisting of human nephrin promoter, human para-
thyroid hormone receptor promoter, human uromodulin pro-
moter, and human SLC12A1 promoter. In certain embodi-
ments, the TRE is brain-specific (e.g., neuron-specific, glial
cell-specific, astrocyte-specific, oligodendrocyte-specific,
microglia-specific and/or central nervous system-specific).
Exemplary brain-specific TREs may comprise one or more
elements selected from the group consisting of human glial
fibrillary acidic protein (GFAP) promoter and human syn-
apsin 1 (SYN1) promoter. More brain-specific promoter
elements are disclosed in WO 2016/100575A1, which is
incorporated by reference herein in its entirety.

In certain embodiments, the rAAV genome comprises two
or more TREs, optionally comprising at least one of the
TREs disclosed above. A skilled person in the art would
appreciate that any of these TREs can be combined in any
order, and combinations of a constitutive TRE and a tissue-
specific TRE can drive efficient and tissue-specific transcrip-
tion. For example, in certain embodiments, the rAAV
genome comprises a human HCR1 (e.g., comprising a
nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 25 or 68) and a human EF-1a promoter (e.g., compris-
ing a nucleotide sequence at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ
1D NO: 39), optionally wherein the human HCR1 is 5' to the
human EF-1a promoter. In certain embodiments, the rAAV
genome comprises a nucleotide sequence at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
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92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to the sequence nucleotide set forth in SEQ ID NO:
60.

Similarly, combinations of two or more tissue-specific
TREs can drive efficient and tissue-specific transcription.
For example, in certain embodiments, the rAAV genome
comprises a human HCR1 (e.g., comprising a nucleotide
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 25) and
a hAAT promoter (e.g., comprising a nucleotide sequence at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% identical to SEQ ID NO: 26), optionally
wherein the human HCR1 is 5' to the hAAT promoter. In
certain embodiments, the rAAV genome comprises a nucleo-
tide sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence set forth in SEQ ID NO: 27. In certain embodi-
ments, the rAAV genome comprises a human HCR1 (e.g.,
comprising the nucleotide sequence set forth in SEQ ID NO:
25) and a hAAT promoter (e.g., comprising the nucleotide
sequence set forth in SEQ ID NO: 26), optionally wherein
the human HCR1 is 5' to the hAAT promoter. In certain
embodiments, the rAAV genome comprises the nucleotide
sequence set forth in SEQ 1D NO: 27.

In certain embodiments, the rAAV genome comprises a
hepatic specific regulatory module of hAAT promoter (e.g.,
comprising a nucleotide sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 71) and a human TTR promoter (e.g.,
comprising a nucleotide sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 66), optionally wherein the hepatic specific
regulatory module is 5' to the human TTR promoter. In
certain embodiments, the rAAV genome comprises a nucleo-
tide sequence at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% identical to the nucleotide
sequence set forth in SEQ ID NO: 67. In certain embodi-
ments, the rAAV genome comprises a hepatic specific
regulatory module of hAAT promoter (e.g., comprising the
nucleotide sequence set forth in SEQ ID NO: 71) and a
human TTR promoter (e.g., comprising the nucleotide
sequence set forth in SEQ ID NO: 66), optionally wherein
the hepatic specific regulatory module is 5' to the human
TTR promoter. In certain embodiments, the rAAV genome
comprises the nucleotide sequence set forth in SEQ 1D NO:
67.

In certain embodiments, the rAAV genome further com-
prises an intron element 5' to the at least a portion of a PAH
coding sequence. Such intron elements can increase trans-
gene expression, for example, by reducing transcriptional
silencing and enhancing mRNA export from the nucleus to
the cytoplasm. In certain embodiments, the rAAV genome
comprises from 5' to 3" a TRE, an intron element, and the
at least a portion of a PAH coding sequence.

The intron element can comprise at least a portion of a
native intron sequence of the PAH gene, or the intron
element can be an exogenous intron element (e.g., compris-
ing at least an intron sequence from a different species or a
different gene from the same species, and/or a synthetic
intron sequence). In certain embodiments, the intron element
is an exogenous intron element comprising at least a portion
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of an intron sequence from a different species. In certain
embodiments, the intron element is an exogenous intron
element comprising at least a portion of an intron sequence
from a different gene from the same species. In certain
embodiments, the intron element is an exogenous intron
element comprising a synthetic intron sequence. In certain
embodiments, the intron element is an exogenous intron
element comprising a combination of at least an intron
sequence from a different species or a different gene from
the same species, and/or a synthetic intron sequence.

A skilled worker will appreciate that intron elements can
be designed to mediate RNA splicing by introducing any
consensus splicing motifs known in the art (e.g., in Sibley et
al. (2016) Nature Reviews Genetics, 17, 407-21, which is
incorporated by reference herein in its entirety). Exemplary
intron sequences are provided in Lu et al. (2013) Molecular
Therapy 21(5): 954-63, and Lu et al. (2017) Hum. Gene
Ther. 28(1): 125-34, which are incorporated by reference
herein in their entirety.

In certain embodiments, the rAAV genome comprises an
exogenous intron element. In certain embodiments, the
rAAV comprises an SV40 intron element (e.g., comprising
a nucleotide sequence at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% identical to SEQ ID
NO: 29) or a minute virus of mouse (MVM) intron (e.g.,
comprising a nucleotide sequence at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% identical
to SEQ ID NO: 61). In certain embodiments, the rAAV
genome comprises an SV40 intron element (e.g., comprising
the nucleotide sequence set forth in SEQ ID NO: 29) or a
minute virus of mouse (MVM) intron element (e.g., com-
prising the nucleotide sequence set forth in SEQ ID NO: 61).

In certain embodiments, the rAAV genome disclosed
herein further comprises a transcription terminator (e.g., a
polyadenylation sequence). In certain embodiments, the
transcription terminator is 3' to the at least a portion of a
PAH coding sequence. The transcription terminator may be
any sequence that effectively terminates transcription, and a
skilled artisan would appreciate that such sequences can be
isolated from any genes that are expressed in the cell in
which transcription of the at least a portion of a PAH coding
sequence is desired. In certain embodiments, the transcrip-
tion terminator comprises a polyadenylation sequence. In
certain embodiments, the polyadenylation sequence is iden-
tical or substantially identical to the endogenous polyade-
nylation sequence of the human PAH gene. In certain
embodiments, the polyadenylation sequence is an exog-
enous polyadenylation sequence. In certain embodiments,
the polyadenylation sequence is an SV40 polyadenylation
sequence (e.g., comprising a nucleotide sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 31, 34, or 35, or a nucleotide
sequence complementary thereto). In certain embodiments,
the polyadenylation sequence comprises the nucleotide
sequence set forth in SEQ ID NO: 31. In certain embodi-
ments, the polyadenylation sequence consists of the nucleo-
tide sequence set forth in SEQ ID NO: 31.

In certain embodiments, the rAAV genome comprises
from 5' to 3" a TRE, an intron element, at least a portion of
a PAH coding sequence, and a polyadenylation sequence. In
certain embodiments, the TRE has at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to any one of SEQ ID NOs: 25-27,30, 36, 39, 40-42,
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44, 46-49, 54-60, or 62-72; the intron element has at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to SEQ ID NO: 29 or 61; the at least
a portion of a PAH coding sequence has at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NO: 28; and/or the polyade-
nylation sequence has at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
any one of SEQ ID NOs: 31, 34, or 35. In certain embodi-
ments, the TRE comprises a nucleotide sequence selected
from the group consisting of SEQ ID NOs: 25-27, 30, 36, 39,
40-42, 44, 46-49, 54-60, and 62-72; the intron element
comprises a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 29 and 61; the at least a portion
of a PAH coding sequence comprises the nucleotide
sequence set forth in SEQ ID NO: 28; and/or the polyade-
nylation sequence comprises a nucleotide sequence selected
from the group consisting of SEQ ID NOs: 31, 34, and 35.

In certain embodiments, the TRE comprises or consists of
the nucleotide sequence set forth in SEQ ID NO: 25, 26, or
27; the intron element comprises or consists of the nucleo-
tide sequence set forth in SEQ ID NO: 29; the at least a
portion of a PAH coding sequence comprises or consists of
the nucleotide sequence set forth in SEQ ID NO: 28; and/or
the polyadenylation sequence comprises or consists of the
nucleotide sequence set forth in SEQ ID NO: 31. In certain
embodiments, the TRE comprises from 5' to 3' the nucleo-
tide sequence set forth in SEQ ID NO: 25, and the nucleotide
sequence set forth in SEQ ID NO: 26 (e.g., the TRE
comprises the nucleotide sequence set forth in SEQ 1D NO:
27); the intron element comprises the nucleotide sequence
set forth in SEQ ID NO: 29; the at least a portion of a PAH
coding sequence comprises the nucleotide sequence set forth
in SEQ ID NO: 28; and/or the polyadenylation sequence
comprises the nucleotide sequence set forth in SEQ 1D NO:
31.

Homology arms used in the rAAV genomes disclosed
herein can be directed to any region of the PAH gene or a
gene nearby on the genome. The precise identity and posi-
tioning of the homology arms are determined by the identity
of the editing element and/or the target locus.

Homology arms employed in the rAAV genomes dis-
closed herein are substantially identical to the genome
flanking a target locus (e.g., a target locus in a PAH gene).
In certain embodiments, the 5' homology arm has at least
about 90% (e.g., at least about 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 99.5%) nucleotide sequence
identity to a first genomic region 5' to the target locus. In
certain embodiments, the 5' homology arm has 100%
nucleotide sequence identity to the first genomic region. In
certain embodiments, the 3' homology arm has at least about
90% (e.g., at least about 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 99.5%) nucleotide sequence identity to
a second genomic region 3' to the target locus. In certain
embodiments, the 3' homology arm has 100% nucleotide
sequence identity to the second genomic region. In certain
embodiments, the 5' and 3' homology arms are each at least
about 90% (e.g., at least about 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 99.5%) identical to the first and
second genomic regions flanking the target locus (e.g., a
target locus in the PAH gene), respectively. In certain
embodiments, the 5' and 3' homology arms are each 100%
identical to the first and second genomic regions flanking the
target locus (e.g., a target locus in the PAH gene), respec-
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tively. In certain embodiments, differences in nucleotide
sequences of the 5' homology arm and/or the 3' homology
arm and the corresponding regions the genome flanking a
target locus comprise, consist essentially of, or consist of
non-coding differences in nucleotide sequences.

The skilled worker will appreciate that homology arms do
not need to be 100% identical to the genomic sequence
flanking the target locus to be able to mediate integration of
an editing element into that target locus by homologous
recombination. For example, the homology arms can com-
prise one or more genetic variations in the human popula-
tion, and/or one or more modifications (e.g., nucleotide
substitutions, insertions, or deletions) designed to improve
expression level or specificity. Human genetic variations
include both inherited variations and de novo variations that
are private to the target genome, and encompass simple
nucleotide polymorphisms, insertions, deletions, rearrange-
ments, inversions, duplications, micro-repeats, and combi-
nations thereof. Such variations are known in the art, and can
be found, for example, in the databases of dnSNP (see
Sherry et al. Nucleic Acids Res. 2001; 29(1):308-11), the
Database of Genomic Variants (see Nucleic Acids Res. 2014;
42 (Database issue): D986-92), ClinVar (see Nucleic Acids
Res. 2014; 42 (Database issue): D980-D985), Genbank (see
Nucleic Acids Res. 2016; 44 (Database issue): D67-D72),
ENCODE (genome.ucsc.edw/encode/terms.html), JASPAR
(see Nucleic Acids Res. 2018; 46(D1): D260-D266), and
PROMO (see Messeguer et al. Bioinformatics 2002; 18(2):
333-334; Farré et al. Nucleic Acids Res. 2003; 31(13):3651-
3653), each of which is incorporated herein by reference.
The skilled worker will further appreciate that in situations
where a homology arm is not 100% identical to the genomic
sequence flanking the target locus, homologous recombina-
tion between the homology arm and the genome may alter
the genomic sequence flanking the target locus such that it
becomes identical to the sequence of the homology arm
used.

In certain embodiments, the first genomic region 5' to the
target locus is located in a first editing window, wherein the
first editing window consists of the region of the human
genome corresponding to the nucleotide sequence set forth
in SEQ ID NO: 37. In certain embodiments, the second
genomic region 3' to the target locus is located in a second
editing window, wherein the second editing window consists
of the region of the human genome corresponding to the
nucleotide sequence set forth in SEQ ID NO: 38. In certain
embodiments, the first genomic region 5' to the target locus
is located in a first editing window, wherein the first editing
window consists of the region of the human genome corre-
sponding to the nucleotide sequence set forth in SEQ ID NO:
37; and the second genomic region 3' to the target locus is
located in a second editing window, wherein the second
editing window consists of the region of the human genome
corresponding to the nucleotide sequence set forth in SEQ
ID NO: 38.

In certain embodiments, the first and second editing
windows are different. In certain embodiments, the first
editing window is located 5' to the second editing window.
In certain embodiments, the first genomic region consists of
a sequence shorter than the sequence of the first editing
window in which the first genomic region is located. In
certain embodiments, the first genomic region consists of the
sequence of the first editing window in which the first
genomic region is located. In certain embodiments, the
second genomic region consists of a sequence shorter than
the sequence of the second editing window in which the
second genomic region is located. In certain embodiments,
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the second genomic region consists of the sequence of the
second editing window in which the second genomic region
is located.

In certain embodiments, the first and second editing
windows are the same. In certain embodiments, the target
locus is an internucleotide bond or a nucleotide sequence in
the editing window, wherein the first genomic region con-
sists of a first portion of the editing window 5' to the target
locus, and the second genomic region consists of a second
portion of the editing window 3' to the target locus. In certain
embodiments, the first portion of the editing window con-
sists of the sequence from the 5' end of the editing window
to the nucleotide adjacently 5' to the target locus. In certain
embodiments, the second portion of the editing window
consists of the sequence from the nucleotide adjacently 3' to
the target locus to the 3' end of the editing window. In certain
embodiments, the first portion of the editing window con-
sists of the sequence from the 5' end of the editing window
to the nucleotide adjacently 5' to the target locus, and the
second portion of the editing window consists of the
sequence from the nucleotide adjacently 3' to the target locus
to the 3' end of the editing window. In certain embodiments,
the editing window consists of the region of the human
genome corresponding to the nucleotide sequence set forth
in SEQ ID NO: 37 or 38. In certain embodiments, the first
and second portions of the editing windows have substan-
tially equal lengths (e.g., the ratio of the length of the shorter
portion to the length of the longer portion is greater than 0.5,
0.55, 0.6, 0.65, 0.7, 0.75, 0.8, 0.85, 0.9, 0.95, 0.96, 0.97,
0.98, or 0.99).

In certain embodiments, the 5' homology arm has a length
of about 50 to about 4000 nucleotides (e.g., about 100 to
about 3000, about 200 to about 2000, about 500 to about
1000 nucleotides). In certain embodiments, the 5' homology
arm has a length of about 800 nucleotides. In certain
embodiments, the 5' homology arm has a length of about 100
nucleotides. In certain embodiments, the 3' homology arm
has a length of about 50 to about 4000 nucleotides (e.g.,
about 100 to about 3000, about 200 to about 2000, about 500
to about 1000 nucleotides). In certain embodiments, the 3'
homology arm has a length of about 800 nucleotides. In
certain embodiments, the 3' homology arm has a length of
about 100 nucleotides. In certain embodiments, each of the
5'and 3' homology arms independently has a length of about
50 to about 4000 nucleotides (e.g., about 100 to about 3000,
about 200 to about 2000, about 500 to about 1000 nucleo-
tides). In certain embodiments, each of the 5' and 3' homol-
ogy arms independently has a length of about 800 nucleo-
tides.

In certain embodiments, the 5' and 3' homology arms have
substantially equal nucleotide lengths. In certain embodi-
ments, the 5' and 3' homology arms have asymmetrical
nucleotide lengths. In certain embodiments, the asymmetry
in nucleotide length is defined by a difference between the
5'and 3' homology arms of up to 90% in the length, such as
up to an 80%, 70%, 60%, 50%, 40%, 30%, 20%, or 10%
difference in the length.

In certain embodiments, the 5' homology arm has at least
about 90% (e.g., at least about 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 99.5%) nucleotide sequence
identity to the nucleotide sequence set forth in SEQ ID NO:
37. In certain embodiments, the 5' homology arm further
comprises one or more genetic variations in the human
population. In certain embodiments, the 5' homology arm
comprises the nucleotide sequence set forth in SEQ 1D NO:
23. In certain embodiments, the 5' homology arm consists of
the nucleotide sequence set forth in SEQ ID NO: 23.
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In certain embodiments, the 3' homology arm has at least
about 90% (e.g., at least about 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 99.5%) nucleotide sequence
identity to the nucleotide sequence set forth in SEQ 1D NO:
38. In certain embodiments, the 3' homology arm further
comprises one or more genetic variations in the human
population. In certain embodiments, the 3' homology arm
comprises the nucleotide sequence set forth in SEQ 1D NO:
24. In certain embodiments, the 3' homology arm consists of
the nucleotide sequence set forth in SEQ ID NO: 24.

In certain embodiments, the 5' homology arm and the 3'
homology arm each has at least about 90% (e.g., at least
about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
99.5%) nucleotide sequence identity to the nucleotide
sequences set forth in SEQ ID NOs: 37 and 38, respectively.
In certain embodiments, the 5' homology arm and the 3'
homology arm each has at least about 90% (e.g., at least
about 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
99.5%) nucleotide sequence identity to the nucleotide
sequences set forth in SEQ ID NOs: 23 and 24, respectively.
In certain embodiments, the 5' homology arm and the 3'
homology arm comprise the nucleotide sequences set forth
in SEQ ID NOs: 37 and 38, 23 and 24, 37 and 24, or 23 and
38, respectively. In certain embodiments, the 5' homology
arm and the 3' homology arm consist of the nucleotide
sequences set forth in SEQ ID NOs: 37 and 38, 23 and 24,
37 and 24, or 23 and 38, respectively.

In certain embodiments, the rAAV genome comprises a
nucleotide sequence at least 80% (e.g., at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%. 88%, 89%, 90%. 91%
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 99.5%)
identical to SEQ ID NO: 43. In certain embodiments, the
rAAV genome comprises the nucleotide sequence set forth
in SEQ ID NO: 43. In certain embodiments, the rAAV
genome consists of the nucleotide sequence set forth in SEQ
1D NO: 43.

In certain embodiments, the rAAV genomes disclosed
herein further comprise a 5' inverted terminal repeat (5' ITR)
nucleotide sequence 5' of the TRE, and a 3' inverted terminal
repeat (3' ITR) nucleotide sequence 3' of the PAH coding
sequence. ITR sequences from any AAV serotype or variant
thereof can be used in the rAAV genomes disclosed herein.
The 5' and 3' ITR can be from an AAV of the same serotype
or from AAVs of different serotypes. Exemplary ITRs for
use in the rAAV genomes disclosed herein are set forth in
SEQ ID NOs: 14, 18, 19, 20, 21, and 32, herein.

In certain embodiments, the 5' ITR or 3' ITR is from
AAV2. In certain embodiments, both the 5' ITR and the 3'
ITR are from AAV2. In certain embodiments, the 5' ITR
nucleotide sequence has at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
SEQ ID NO: 14, or the 3' ITR nucleotide sequence has at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to SEQ ID NO: 18. In
certain embodiments, the 5' ITR nucleotide sequence has at
least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% sequence identity to SEQ ID NO: 14, and the
3' ITR nucleotide sequence has at least 80%, 81%, 82%,
83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity to SEQ ID NO: 18. In certain embodiments, the
rAAV genome comprises a nucleotide sequence set forth in
SEQ ID NO: 43, a 5' ITR nucleotide sequence having the
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sequence of SEQ ID NO: 14, and a 3' ITR nucleotide
sequence having the sequence of SEQ ID NO: 18.

In certain embodiments, the 5' ITR or 3' ITR are from
AAVS. In certain embodiments, both the 5' ITR and 3' ITR
are from AAVS. In certain embodiments, the 5' ITR nucleo-
tide sequence has at least 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, 99%, or 100% sequence identity to SEQ ID
NO: 20, or the 3' ITR nucleotide sequence has at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NO: 21. In certain embodi-
ments, the 5' ITR nucleotide sequence has at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NO: 20, and the 3' ITR
nucleotide sequence has at least 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
SEQ ID NO: 21. In certain embodiments, the rAAV genome
comprises a nucleotide sequence set forth in any one of SEQ
ID NO: 43, a 5' ITR nucleotide sequence having the
sequence of SEQ ID NO: 20, and a 3' ITR nucleotide
sequence having the sequence of SEQ ID NO: 21.

In certain embodiments, the 5' ITR nucleotide sequence
and the 3' ITR nucleotide sequence are substantially comple-
mentary to each other (e.g., are complementary to each other
except for mismatch at 1, 2, 3, 4, or 5 nucleotide positions
in the 5' or 3' ITR).

In certain embodiments, the 5' ITR or the 3' ITR is
modified to reduce or abolish resolution by Rep protein
(“non-resolvable ITR”). In certain embodiments, the non-
resolvable ITR comprises an insertion, deletion, or substi-
tution in the nucleotide sequence of the terminal resolution
site. Such modification allows formation of a self-comple-
mentary, double-stranded DNA genome of the AAV after the
rAAV genome is replicated in an infected cell. Exemplary
non-resolvable ITR sequences are known in the art (see e.g.,
those provided in U.S. Pat. Nos. 7,790,154 and 9,783,824,
which are incorporated by reference herein in their entirety).
In certain embodiments, the 5' ITR comprises a nucleotide
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 19. In
certain embodiments, the 5' ITR consists of a nucleotide
sequence at least 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% identical to SEQ ID NO: 19. In
certain embodiments, the 5' ITR consists of the nucleotide
sequence set forth in SEQ ID NO: 19. In certain embodi-
ments, the 3' ITR comprises a nucleotide sequence at least
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% identical to SEQ ID NO: 32. In certain embodiments,
the 5' ITR consists of a nucleotide sequence at least 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
identical to SEQ ID NO: 32. In certain embodiments, the 3'
ITR consists of the nucleotide sequence set forth in SEQ ID
NO: 32. In certain embodiments, the 5' ITR consists of the
nucleotide sequence set forth in SEQ ID NO: 19, and the 3'
ITR consists of the nucleotide sequence set forth in SEQ ID
NO: 32. In certain embodiments, the 5' ITR consists of the
nucleotide sequence set forth in SEQ ID NO: 19, and the 3'
ITR consists of the nucleotide sequence set forth in SEQ ID
NO: 32.
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In certain embodiments, the 5' ITR is flanked by an
additional nucleotide sequence derived from a wild-type
AAV2 genomic sequence. In certain embodiments, the '
ITR is flanked by an additional 46 bp sequence derived from
a wild-type AAV2 sequence that is adjacent to a wild-type
AAV2ITR in an AAV2 genome. In certain embodiments, the
additional 46 bp sequence is 3' to the 5' ITR in the rAAV
genome. In certain embodiments, the 46 bp sequence con-
sists of the nucleotide sequence set forth in SEQ 1D NO: 74.

In certain embodiments, the 3' ITR is flanked by an
additional nucleotide sequence derived from a wild-type
AAV2 genomic sequence. In certain embodiments, the 3'
ITR is flanked by an additional 37 bp sequence derived from
a wild-type AAV2 sequence that is adjacent to a wild-type
AAV2ITR in an AAV2 genome. See, e.g., Savy et al. Human
Gene Therapy Methods (2017) 28(5): 277-289 (which is
hereby incorporated by reference herein in its entirety). In
certain embodiments, the additional 37 bp sequence is 5' to
the 3' ITR in the rAAV genome. In certain embodiments, the
37 bp sequence consists of the nucleotide sequence set forth
in SEQ ID NO: 73.

In certain embodiments, the 5' homology arm has at least
about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% nucleotide sequence identity to the nucleotide
sequence set forth in SEQ ID NO: 37. In certain embodi-
ments, the 5' homology arm further comprises one or more
genetic variations in the human population. In certain
embodiments, the 5' homology arm comprises the nucleotide
sequence set forth in SEQ ID NO: 23. In certain embodi-
ments, the 5' homology arm consists of the nucleotide
sequence set forth in SEQ ID NO: 23.

In certain embodiments, the 3' homology arm has at least
about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%,
89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%,
99%, or 100% nucleotide sequence identity to the nucleotide
sequence set forth in SEQ ID NO: 38. In certain embodi-
ments, the 3' homology arm further comprises one or more
genetic variations in the human population. In certain
embodiments, the 3' homology arm comprises the nucleotide
sequence set forth in SEQ ID NO: 24. In certain embodi-
ments, the 3' homology arm consists of the nucleotide
sequence set forth in SEQ ID NO: 24.

In certain embodiments, the rAAV genome comprises
from 5' to 3" a 5' homology arm, a 5' ITR, a TRE, an intron
element, at least a portion of a PAH coding sequence, a
polyadenylation sequence, a 3' ITR, and/or a 3' homology
arm. In certain embodiments, the 5' homology arm has at
least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to SEQ ID NO: 37 or
23; the 5' ITR has at least about 80%, 81%, 82%, 83%, 84%,
85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, 99%, or 100% sequence identity to
SEQ ID NO: 14, 19, or 20; the TRE has at least about 80%,
81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NO: 25, 26, 27, 30, 36, 39, 40,
41, 42, 44, 46,47, 48, 49, 54, 55, 56, 57, 58, 59, 60, 62, 64,
65, 66, 67, 68, 69, 70, 72, or 72; the intron element has at
least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to SEQ ID NO: 29 or
61; the at least a portion of a PAH coding sequence has at
least about 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%,
88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity to SEQ ID NO: 28;
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the polyadenylation sequence has at least about 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity to SEQ ID NO: 31, 34, or 35; the 3' [TR
has at least about 80%, 81%, 82%, 83%, 84%, 85%, 86%,
87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 99%, or 100% sequence identity to SEQ ID NO:
18, 21, or 32; and/or the 3' homology arm has at least about
80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, or
100% sequence identity to SEQ ID NO: 38 or 24.

In certain embodiments, the 5' homology arm comprises
a nucleotide sequence selected from the group consisting of
SEQ ID NOs: 37 and 23; the 5' ITR comprises a nucleotide
sequence selected from the group consisting of SEQ ID
NOs: 14, 19, or 20; the TRE comprises a nucleotide
sequence selected from the group consisting of SEQ ID
NOs: 25-27, 30, 36, 39, 40-42, 44, 46-49, 54-60, and 62-72,
the intron comprises a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 29 and 61; the at least a
portion of a PAH coding sequence comprises the nucleotide
sequence set forth in SEQ ID NO: 28; the polyadenylation
sequence comprises a nucleotide sequence selected from the
group consisting of SEQ ID NOs: 31, 34, and 35; the 3 ITR
comprises a nucleotide sequence selected from the group
consisting of SEQ ID NOs: 18, 21, and 32; and/or the 3'
homology arm comprises a nucleotide sequence selected
from the group consisting of SEQ ID NOs: 38 and 24.

In certain embodiments, the 5' homology arm comprises
or consists of the nucleotide sequence set forth in SEQ ID
NO: 23; the 5' ITR comprises or consists of the nucleotide
sequence set forth in SEQ ID NO: 14; the TRE comprises or
consists of the nucleotide sequence set forth in SEQ ID NO:
25, 26, or 27; the intron element comprises or consists of the
nucleotide sequence set forth in SEQ ID NO: 29; the at least
a portion of a PAH coding sequence comprises or consists of
the nucleotide sequence set forth in SEQ ID NO: 28; the
polyadenylation sequence comprises or consists of the
nucleotide sequence set forth in SEQ ID NO: 31; the 3' ITR
comprises or consists of the nucleotide sequence set forth in
SEQ ID NO: 18; and/or the 5' homology arm comprises or
consists of the nucleotide sequence set forth in SEQ ID NO:
24.

In certain embodiments, the rAAV genome comprises
from 5' to 3': the 5' homology arm comprising the nucleotide
sequence set forth in SEQ ID NO: 23; the 5' ITR comprising
the nucleotide sequence set forth in SEQ ID NO: 14; the
TRE comprising from 5' to 3' the nucleotide sequence set
forth in SEQ ID NO: 25, and the nucleotide sequence set
forth in SEQ ID NO: 26 (e.g., the TRE comprises the
nucleotide sequence set forth in SEQ ID NO: 27); the intron
element comprising the nucleotide sequence set forth in
SEQ ID NO: 29; the at least a portion of a PAH coding
sequence comprising the nucleotide sequence set forth in
SEQ ID NO: 28; the polyadenylation sequence comprising
the nucleotide sequence set forth in SEQ ID NO: 31; the 3'
ITR comprising of the nucleotide sequence set forth in SEQ
ID NO: 18; and the 5' homology arm comprising the
nucleotide sequence set forth in SEQ ID NO: 24.

In certain embodiments, the rAAV genome comprises a
nucleotide sequence at least 80% (e.g., at least 80%, 81%,
82%, 83%, 84%, 85%, 86%, 87%. 88%, 89%, 90%. 91%
92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%) identical
to SEQ ID NO: 45. In certain embodiments, the rAAV
genome comprises the nucleotide sequence set forth in SEQ
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ID NO: 45. In certain embodiments, the rAAV genome
consists of the nucleotide sequence set forth in SEQ ID NO:
45.

In another aspect, provided herein is a polynucleotide
comprising a nucleic acid sequence that is at least 80% (e.g.,
at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%. 88%,
89%, 90%. 91% 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99%) identical to the nucleic acid sequence set forth in SEQ
ID NO: 28, 43, 45, 51, or 52. In certain embodiments, the
polynucleotide comprises or consists of the nucleic acid
sequence set forth in SEQ ID NO: 43, 45, 51, or 52.

In another aspect, the instant disclosure provides phar-
maceutical compositions comprising an AAV as disclosed
herein together with a pharmaceutically acceptable excipi-
ent, adjuvant, diluent, vehicle or carrier, or a combination
thereof. A “pharmaceutically acceptable carrier” includes
any material which, when combined with an active ingre-
dient of a composition, allows the ingredient to retain
biological activity and without causing disruptive physi-
ological reactions, such as an unintended immune reaction.
Pharmaceutically acceptable carriers include water, phos-
phate buffered saline, emulsions such as oil/water emulsion,
and wetting agents. Compositions comprising such carriers
are formulated by well-known conventional methods such as
those set forth in Remington’s Pharmaceutical Sciences,
current Ed., Mack Publishing Co., Easton Pa. 18042, USA;
A. Gennaro (2000) “Remington: The Science and Practice
of Pharmacy,” 20th edition, Lippincott, Williams, &
Wilkins; Pharmaceutical Dosage Forms and Drug Delivery
Systems (1999) H. C. Ansel et al, 7th ed., Lippincott,
Williams, & Wilkins; and Handbook of Pharmaceutical
Excipients (2000) A. H. Kibbe et al, 3rd ed. Amer. Phar-
maceutical Assoc.

In another aspect, the instant disclosure provides a poly-
nucleotide comprising a coding sequence encoding a human
PAH protein or a fragment thereof, wherein the coding
sequence has been silently altered to have less than 100%
(e.g., less than 99%, 98%, 97%, 96%, 95%, 90%, 85%, 80%,
75%, 70%, 65%, 60%, 55%, or 50%) identical to a wild-type
human PAH gene. In certain embodiments, the polynucle-
otide comprises the nucleotide sequence set forth in SEQ ID
NO: 28. The polynucleotide can comprise DNA, RNA,
modified DNA, modified RNA, or a combination thereof. In
certain embodiments, the polynucleotide is an expression
vector.

The AAV compositions disclosed herein are particularly
advantageous in that they are capable of editing a PAH gene
in a cell with high efficiency both in vivo and in vitro. In
certain embodiments, the integration efficiency of the edit-
ing element into the target locus is at least 1% (e.g., at least
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%,
30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%,
80%, 85%, 90%, or 95%) when the AAV is administered to
a mouse implanted with human hepatocytes in the absence
of an exogenous nuclease under standard AAV administra-
tion conditions. In certain embodiments, the allelic fre-
quency of integration of the editing element into the target
locus is at least 0.5% (e.g., at least 1%, 2%, 3%, 4%, 5%,
6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%, 35%, 40%,
45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or
95%) when the AAV is administered to a mouse implanted
with human hepatocytes in the absence of an exogenous
nuclease under standard AAV administration conditions.

Any methods of determining the efficiency of editing of
the PAH gene can be employed. In certain embodiments,
individual cells are separated from the population of trans-
duced cells and subject to single-cell PCR using PCR
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primers that can identify the presence of an editing element
correctly integrated into the target locus of the PAH gene.
Such method can further comprise single-cell PCR of the
same cells using PCR primers that selectively amplify an
unmodified target locus. In this way, the genotype of the
cells can be determined. For example, if the single cell PCR
showed that a cell has both an edited target locus and an
unmodified target locus, then the cell would be considered
heterozygous for the edited PAH gene.

Additionally or alternatively, in certain embodiments,
linear amplification mediated PCR (LAM-PCR), quantita-
tive PCR (qPCR) or digital droplet PCR (ddPCR) can be
performed on DNA extracted from the population of trans-
duced cells using primers and probes that only detect edited
PAH alleles. Such methods can further comprise an addi-
tional qPCR or ddPCR (either in the same reaction or a
separate reaction) to determine the number of total genomes
in the sample and the number of unedited PAH alleles. These
numbers can be used to determine the allelic frequency of
integration of the editing element into the target locus.

Additionally or alternatively, in certain embodiments, the
PAH locus can be amplified from DNA extracted from the
population of transduced cells either by PCR using primers
that bind to regions of the PAH gene flanking the target
locus, or by LAM-PCR using a primer that binds a region
within the rAAV genome (e.g., a region comprising an
exogenous sequence non-native to the locus). The resultant
PCR amplicons can be individually sequenced using single
molecule next generation sequencing (NGS) techniques to
determine the relative number of edited and unedited PAH
alleles present in the population of transduced cells. These
numbers can be used to determine the allelic frequency of
integration of the editing element into the target locus.

In another aspect, the instant disclosure provides phar-
maceutical compositions comprising an AAV as disclosed
herein together with a pharmaceutically acceptable excipi-
ent, adjuvant, diluent, vehicle or carrier, or a combination
thereof. A “pharmaceutically acceptable carrier” includes
any material which, when combined with an active ingre-
dient of a composition, allows the ingredient to retain
biological activity and without causing disruptive physi-
ological reactions, such as an unintended immune reaction.
Pharmaceutically acceptable carriers include water, phos-
phate buffered saline, emulsions such as oil/water emulsion,
and wetting agents. Compositions comprising such carriers
are formulated by well-known conventional methods such as
those set forth in Remington’s Pharmaceutical Sciences,
current Ed., Mack Publishing Co., Easton Pa. 18042, USA;
A. Gennaro (2000) “Remington: The Science and Practice
of Pharmacy,” 20th edition, Lippincott, Williams, &
Wilkins; Pharmaceutical Dosage Forms and Drug Delivery
Systems (1999) H. C. Ansel et al, 7th ed., Lippincott,
Williams, & Wilkins; and Handbook of Pharmaceutical
Excipients (2000) A. H. Kibbe et al, 3rd ed. Amer. Pharma-
ceutical Assoc.

1II. METHODS OF USE

In another aspect, the instant disclosure provides methods
for restoring PAH gene function in a cell. The methods
generally comprise transducing the cell with an rAAV as
disclosed herein. Such methods are highly efficient at editing
the PAH gene function in a cell, and do not require cleavage
of the genome at the target locus by the action of an
exogenous nuclease (e.g., a meganuclease, a zinc finger
nuclease, a transcriptional activator-like nuclease (TALEN),
or an RNA-guided nuclease such as a Cas9) to facilitate such
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correction. Accordingly, in certain embodiments, the meth-
ods disclosed herein involve transducing the cell with an
rAAV as disclosed herein without co-transducing or co-
administering an exogenous nuclease or a nucleotide
sequence that encodes an exogenous nuclease.

The methods disclosed herein can be applied to any cell
harboring a mutation in the PAH gene. The skilled worker
will appreciate that cells that actively express PAH are of
particular interest. Accordingly, in certain embodiments, the
method is applied to cells in the liver, kidney, brain, pituitary
gland, adrenal gland, pancreas, urinary bladder, gallbladder,
colon, small intestine, or breast. In certain embodiments, the
method is applied to hepatocytes and/or renal cells.

The methods disclosed herein can be performed in vitro
for research purposes or can be performed ex vivo or in vivo
for therapeutic purposes.

In certain embodiments, the cell to be transduced is in a
mammalian subject and the AAV is administered to the
subject in an amount effective to transduce the cell in the
subject. Accordingly, in certain embodiments, the instant
disclosure provides a method for treating a subject having a
disease or disorder associated with a PAH gene mutation, the
method generally comprising administering to the subject an
effective amount of an rAAV as disclosed herein. The
subject can be a human subject or a rodent subject (e.g., a
mouse) containing human liver cells. Suitable mouse sub-
jects include without limitation, mice into which human
liver cells (e.g., human hepatocytes) have been engrafted.
Any disease or disorder associated with a PAH gene muta-
tion can be treated using the methods disclosed herein.
Suitable diseases or disorders include, without limitation,
phenylketonuria. In certain embodiments, the cell is trans-
duced without co-transducing or co-administering an exog-
enous nuclease or a nucleotide sequence that encodes an
exogenous nuclease.

The methods disclosed herein are particularly advanta-
geous in that they are capable of editing a PAH gene in a cell
with high efficiency both in vivo and in vitro. In certain
embodiments, the integration efficiency of the editing ele-
ment into the target locus is at least 1% (e.g., at least 2%,
3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%, 30%,
35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, or 95%) when the AAV is administered to a
mouse implanted with human hepatocytes in the absence of
an exogenous nuclease under standard AAV administration
conditions. In certain embodiments, the allelic frequency of
integration of the editing element into the target locus is at
least 0.5% (e.g., at least 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%,
9%, 10%, 15%, 20%, 25%, 30%, 3%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%) when the
AAV is administered to a mouse implanted with human
hepatocytes in the absence of an exogenous nuclease under
standard AAV administration conditions.

The methods disclosed herein can be performed in vitro
for research purposes or can be performed ex vivo or in vivo
for therapeutic purposes.

In certain embodiments, the cell to be transduced is in a
mammalian subject and the AAV is administered to the
subject in an amount effective to transduce the cell in the
subject. Accordingly, in certain embodiments, the instant
disclosure provides a method for treating a subject having a
disease or disorder associated with a PAH gene mutation, the
method generally comprising administering to the subject an
effective amount of an rAAV as disclosed herein. The
subject can be a human subject, a non-human primate
subject (e.g., a cynomolgus), or a rodent subject (e.g., a
mouse) with a PAH gene mutation. Any disease or disorder
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associated with a PAH gene mutation can be treated using
the methods disclosed herein. Suitable diseases or disorders
include, without limitation, phenylketonuria (PKU).

In certain embodiments, the foregoing methods employ
an rAAV comprising: (a) an AAV capsid protein comprising
the amino acid sequence of amino acids 203-736 of SEQ ID
NO: 16, and an rAAV genome comprising 5' to 3' following
genetic elements: a 5' homology arm (e.g., the 5' homology
arm comprising the nucleotide sequence set forth in SEQ ID
NO: 23),a 5'ITR (e.g., the 5' ITR comprising the nucleotide
sequence set forth in SEQ ID NO: 14), a transcriptional
regulatory element (e.g., a TRE comprising the nucleotide
sequence set forth in SEQ ID NO: 27), an intron element
(e.g., the intron element comprising the nucleotide sequence
set forth in SEQ ID NO: 29), at least a portion of a PAH
coding sequence (e.g., the PAH coding sequence comprising
the nucleotide sequence set forth in SEQ ID NO: 28), a
polyadenylation sequence (e.g., the SV40 polyadenylation
sequence of SEQ ID NO: 31), a 3' ITR (e.g., the 3' I[TR
comprising the nucleotide sequence set forth in SEQ ID NO:
18), and a 3' homology arm (e.g., the 3' homology arm
comprising the nucleotide sequence set forth in SEQ ID NO:
24); (b) an AAV capsid protein comprising the amino acid
sequence of amino acids 138-736 of SEQ ID NO: 16, and an
rAAV genome comprising 5' to 3' following genetic ele-
ments: a 5' homology arm (e.g., the 5' homology arm
comprising the nucleotide sequence set forth in SEQ ID NO:
23), a 5' ITR (e.g., the 5' ITR comprising the nucleotide
sequence set forth in SEQ ID NO: 14), a transcriptional
regulatory element (e.g., a TRE comprising the nucleotide
sequence set forth in SEQ ID NO: 27), an intron element
(e.g., the intron element comprising the nucleotide sequence
set forth in SEQ ID NO: 29), at least a portion of a PAH
coding sequence (e.g., the PAH coding sequence comprising
the nucleotide sequence set forth in SEQ ID NO: 28), a
polyadenylation sequence (e.g., the SV40 polyadenylation
sequence of SEQ ID NO: 31), a 3' ITR (e.g., the 3' I[TR
comprising the nucleotide sequence set forth in SEQ ID NO:
18), and a 3' homology arm (e.g., the 3' homology arm
comprising the nucleotide sequence set forth in SEQ ID NO:
24); and/or (c) an AAV capsid protein comprising the amino
acid sequence of SEQ ID NO: 16, and an rAAV genome
comprising 5' to 3' following genetic elements: a 5' homol-
ogy arm (e.g., the 5' homology arm comprising the nucleo-
tide sequence set forth in SEQ ID NO: 23), a 5'ITR (e.g., the
5'ITR comprising the nucleotide sequence set forth in SEQ
ID NO: 14), a transcriptional regulatory element (e.g., a TRE
comprising the nucleotide sequence set forth in SEQ ID NO:
27), an intron element (e.g., the intron element comprising
the nucleotide sequence set forth in SEQ ID NO: 29), at least
a portion of a PAH coding sequence (e.g., the PAH coding
sequence comprising the nucleotide sequence set forth in
SEQ ID NO: 28), a polyadenylation sequence (e.g., the
SV40 polyadenylation sequence of SEQ ID NO: 31), a 3'
ITR (e.g., the 3' ITR comprising the nucleotide sequence set
forth in SEQ ID NO: 18), and a 3' homology arm (e.g., the
3' homology arm comprising the nucleotide sequence set
forth in SEQ ID NO: 24).

In certain embodiments, transduction of a cell with an
AAV composition disclosed herein can be performed as
provided herein or by any method of transduction known to
one of ordinary skill in the art. In certain embodiments, the
cell may be contacted with the AAV at a multiplicity of
infection (MOI) of 50,000; 100,000; 150,000; 200,000
250,000; 300,000; 350,000; 400,000; 450,000; or 500,000,
or at any MOI that provides for optimal transduction of the
cell.
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An AAV composition disclosed herein can be adminis-
tered to a subject by any appropriate route including, without
limitation, intravenous, intraperitoneal, subcutaneous, intra-
muscular, intranasal, topical or intradermal routes. In certain
embodiments, the composition is formulated for adminis-
tration via intravenous injection or subcutaneous injection.

IV. AAV PACKAGING SYSTEMS

In another aspect, the instant disclosure provides packag-
ing systems for recombinant preparation of a recombinant
adeno-associated virus (rAAV) disclosed herein. Such pack-
aging systems generally comprise: first nucleotide encoding
one or more AAV Rep proteins; a second nucleotide encod-
ing a capsid protein of any of the AAV's as disclosed herein;
and a third nucleotide sequence comprising any of the rAAV
genomes as disclosed herein, wherein the packaging system
is operative in a cell for enclosing the rAAV genome in the
capsid to form the AAV.

In certain embodiments, the packaging system comprises
a first vector comprising the first nucleotide sequence encod-
ing the one or more AAV Rep proteins and the second
nucleotide sequence encoding the AAV capsid protein, and
a second vector comprising the third nucleotide sequence
comprising the rAAV genome. As used in the context of a
packaging system as described herein, a “vector” refers to a
nucleic acid molecule that is a vehicle for introducing
nucleic acids into a cell (e.g., a plasmid, a virus, a cosmid,
an artificial chromosome, etc.).

Any AAV Rep protein can be employed in the packaging
systems disclosed herein. In certain embodiments of the
packaging system, the Rep nucleotide sequence encodes an
AAV2 Rep protein. Suitable AAV2 Rep proteins include,
without limitation, Rep 78/68 or Rep 68/52. In certain
embodiments of the packaging system, the nucleotide
sequence encoding the AAV2 Rep protein comprises a
nucleotide sequence that encodes a protein having a mini-
mum percent sequence identity to the AAV2 Rep amino acid
sequence of SEQ ID NO: 22, wherein the minimum percent
sequence identity is at least 70% (e.g., at least 75%, at least
80%, at least 85%, at least 90%, at least 95%, at least 98%,
at least 99%, or 100%) across the length of the amino acid
sequence of the AAV2 Rep protein. In certain embodiments
of the packaging system, the AAV2 Rep protein has the
amino acid sequence set forth in SEQ ID NO: 22.

In certain embodiments of the packaging system, the
packaging system further comprises a fourth nucleotide
sequence comprising one or more helper virus genes. In
certain embodiments of the packaging system, the packag-
ing system further comprises a third vector, e.g., a helper
virus vector, comprising the fourth nucleotide sequence
comprising the one or more helper virus genes. The third
vector may be an independent third vector, integral with the
first vector, or integral with the second vector.

In certain embodiments of the packaging system, the
helper virus is selected from the group consisting of adeno-
virus, herpes virus (including herpes simplex virus (HSV)),
poxvirus (such as vaccinia virus), cytomegalovirus (CMV),
and baculovirus. In certain embodiments of the packaging
system, where the helper virus is adenovirus, the adenovirus
genome comprises one or more adenovirus RNA genes
selected from the group consisting of E1, E2, E4 and VA. In
certain embodiments of the packaging system, where the
helper virus is HSV, the HSV genome comprises one or
more of HSV genes selected from the group consisting of
UL5/8/52, ICPO, ICP4, ICP22 and UL30/UL42.
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In certain embodiments of the packaging system, the first,
second, and/or third vector are contained within one or more
plasmids. In certain embodiments, the first vector and the
third vector are contained within a first plasmid. In certain
embodiments the second vector and the third vector are
contained within a second plasmid.

In certain embodiments of the packaging system, the first,
second, and/or third vector are contained within one or more
recombinant helper viruses. In certain embodiments, the first
vector and the third vector are contained within a recombi-
nant helper virus. In certain embodiments, the second vector
and the third vector are contained within a recombinant
helper virus.

In a further aspect, the disclosure provides a method for
recombinant preparation of an AAV as described herein,
wherein the method comprises transfecting or transducing a
cell with a packaging system as described herein under
conditions operative for enclosing the rAAV genome in the
capsid to form the rAAV as described herein. Exemplary
methods for recombinant preparation of an rAAV include
transient transfection (e.g., with one or more transfection
plasmids containing a first, and a second, and optionally a
third vector as described herein), viral infection (e.g., with
one or more recombinant helper viruses, such as a adeno-
virus, poxvirus (such as vaccinia virus), herpes virus (in-
cluding HSV, cytomegalovirus, or baculovirus), containing a
first, and a second, and optionally a third vector as described
herein), and stable producer cell line transfection or infec-
tion (e.g., with a stable producer cell, such as a mammalian
or insect cell, containing a Rep nucleotide sequence encod-
ing one or more AAV Rep proteins and/or a Cap nucleotide
sequence encoding one or more AAV capsid proteins as
described herein, and with an rAAV genome as described
herein being delivered in the form of a plasmid or a
recombinant helper virus).

Accordingly, the instant disclosure provides a packaging
system for preparation of a recombinant AAV (rAAV),
wherein the packaging system comprises a first nucleotide
sequence encoding one or more AAV Rep proteins; a second
nucleotide sequence encoding a capsid protein of any one of
the AAVs described herein; a third nucleotide sequence
comprising an rAAV genome sequence of any one of the
AAVs described herein; and optionally a fourth nucleotide
sequence comprising one or more helper virus genes.

V. EXAMPLES

These examples are offered by way of illustration, and not
by way of limitation.

Example 1: hPAH Correction Vector Designs

Mouse-Specific PAH Gene Editing Vector PAH-006m

The mouse-specific gene editing AAV vector, PAH-006m,
is shown in FIG. 2A. This vector was designed to integrate
a human PAH coding sequence into the mouse PAH gene
locus using left and right homology arms that are specific to
the mouse sequence. PAH-006m comprises, from 5' to 3', the
following genetic elements: a 5' ITR element; a 5' homology
arm; a silently altered human PAH coding sequence; an
SV40 polyadenylation sequence; a 3' homology arm; and a
3' ITR element. The sequences of these elements are set
forth in Table 1. PAH-006m does not comprise a heterolo-
gous promoter.
Mouse-Specific PAH Gene Transfer Gene Editing Vector
PAH-006m-LP-1
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The mouse-specific gene transfer/gene editing AAV vec-
tor, PAH-006m-LP-1, is shown in FIG. 2B. This vector was
designed to integrate a human PAH coding sequence into the
mouse PAH gene locus using mouse left and right homology
arms, and also to allow expression of human PAH under the
control of a heterologous liver-specific promoter in a cell in
the absence of genomic integration. PAH-006m-LP-1 com-
prises, from 5' to 3', the following genetic elements: a 5' ITR
element; a 5' homology arm; a transcriptional regulatory
element comprising a human apolipoprotein hepatic control
region (HCR) element, a human alpha-1-antitrypsin (hAAT)
promoter element, and a hAAT exon 1; an SV40 element; a
silently altered human PAH coding sequence; an SV40
polyadenylation sequence; a 3' homology arm; and a 3' ITR
element. The sequences of these elements are set forth in
Table 1.

Human-Specific PAH Gene Editing Vector PAH-032h

The human-specific gene editing AAV vector, PAH-032h,
is shown in FIG. 2C. This vector was designed to integrate
a human PAH coding sequence into the human PAH gene
locus using left and right homology arms that are specific to
the human sequence. PAH-032h comprises, from 5' to 3', the
following genetic elements: a 5' ITR element; a 5' homology
arm; a splice acceptor; a 2A element; a silently altered
human PAH coding sequence; an SV40 polyadenylation
sequence; a 3' homology arm; and a 3' ITR element. The
sequences of these elements are set forth in Table 1. PAH-
032h does not comprise a heterologous promoter.
Human-Specific PAH Gene Transfer Gene Editing Vector
hPAH-hI1C-032-LP1-SD3

The human-specific gene transfer/gene editing AAV vec-
tor, hPAH-h11C-032-LP1-SD3, is shown in FIG. 2D. This
vector was designed to integrate a human PAH coding
sequence into the human PAH gene locus using human left
and right homology arms, and also to allow expression of
human PAH under the control of a heterologous liver-
specific promoter in a cell in the absence of genomic
integration. hPAH-hI1C-032-LP1-SD3 comprises, from 5' to
3", the following genetic elements: a 5' ITR element; a 5'
homology arm; a transcriptional regulatory element com-
prising a human apolipoprotein hepatic control region
(HCR) element, a human alpha-1-antitrypsin (hAAT) pro-
moter element, and a hAAT exon 1; an SV40 element; a
silently altered human PAH coding sequence; an SV40
polyadenylation sequence; a 3' homology arm; and a 3' ITR
element. The sequences of these elements are set forth in
Table 1.

TABLE 1

Selected genetic elements in PAH correction vectors PAH-006m,
PAH-006m-LP-1, PAH-032h, and hPAH-hI1C-032-LP1-5D3

PAH- PAH-006m- PAH- hPAH-hI1C-

006m LP-1 032h 032-LP1-5D3
Genetic Element SEQ ID NO:
5" ITR element 14 14 14 14
5' homology arm 84 85 23 23
Splice acceptor — — 30 —
2A element — — 40 —
transcriptional regulatory — 27 — 27
element
SV40 intron element — 29 — 29
silently altered human PAH 83 28 83 28
coding sequence
SV40 polyadenylation 31 31 31 31
sequernce
3" homology arm 86 86 24 24
3'ITR element 18 18 18 18



US 12,076,420 B2

39
TABLE 1-continued

Selected genetic elements in PAH correction vectors PAH-006m,
PAH-006m-LP-1, PAH-032h, and hPAH-hI1C-032-LP1-5D3

PAH- PAH-006m- PAH- hPAH-hI1C-

006m LP-1 032h 032-LP1-5D3
Genetic Element SEQ ID NO:
AAV genome from 5' 77 79 81 43
homology arm to 3'
homology arm
AAV genome from 5' ITR 78 80 82 45

to 3' ITR

“—" signifies an absence of this element

Example 2: Analysis of hPAH Correction Vectors
in Mouse Models

Materials and Methods
PAH?"** Mouse Model:

The PAH”*? mouse model was used to establish dose
response for PAH correction vectors packaged in
AAVHSCI15 capsid through measurement of vector
genomes, percent target gene insertion, hPAH mRNA
expression, and Phe/Tyr concentration.

The PAH*? mouse line was produced by germline eth-
ylnitrosourea mutagenesis followed by a Phe clearance
screen to isolate a mutant mouse line deficient in PAH
activity (see McDonald I D, et al. PNAS 1990; 87:1965-
1967, which is hereby incorporated by reference in its
entirety). It has a homozygous missense mutation (F263S in
exon 7) in the region encoding the PAH active site, resulting
in abolished activity of PAH. Mutations within exon 7 are
common in humans with PAH deficiency, although PAH
deficiency in humans is typically expressed in a compound
heterozygous background. PAH”*? mice exhibit present
with blood Phe levels consistently above 1200 pmol/L.
FRG® Mouse Human Liver Xenograft Model:

Fah™"/Rag2~"~/I12rg~"~ (FRG) mice (Azuma et al. (2007)
Nat. Biotechnol. 25(8): 903-910) containing human liver
tissue were used to measure in vivo transduction of vector
genomes, human DNA target gene insertion, and mRNA
expression of hPAH in human liver tissue, following admin-
istration of correction vectors packaged in AAVHSCI15
capsid across a range of doses.

The FRG® human liver xenograft model is an immuno-
compromised mouse strain harboring triple gene knockouts
of Fah™~, IL.2rg~"~ and Rag2~~. Because of the IL.2rg~"~ and
Rag2~"~ knockouts these mice lack B-cell, T-cell and NK-
cells resulting in acceptance of engraftment with human
cells. The Fah™~ genotype renders these mice dependent on
the liver protective drug, 2-(2-nitro-4-trifluoromethylben-
zoyl)-1,3-cyclohexanedione (NTBC), such that its with-
drawal leads to loss of hepatocytes and animal death within
4-8 weeks.

To generate humanized livers in FRG mice, human pri-
mary hepatocytes were implanted concurrent with NTBC
withdrawal. Since the human hepatocytes have an intact
FAH gene, only murine hepatocytes are affected, resulting in
the gradual repopulation of the mouse liver compartment
with human hepatocytes. The human repopulated livers
show >90% human hepatocytes and restored hepatic func-
tion (Azuma et al. (2007) Nat. Biotechnol. 25(8): 903-910).
On-Target Insertion—ddPCR Linkage Assay:

To determine the level of target insertion per allele at the
PAH gene locus, an assay that uses droplet digital PCR
(ddPCR) was employed. In this assay, target insertion was

10

15

20

25

30

40

45

55

60

65

40

determined by measuring genetic linkage between the hPAH
transgene and the genomic target. Linkage is a measurement
of how often two sequences are on the same strand of DNA.
Determining the amount of linked to unlinked vector and
genome sequences can be used to measure insertion effi-
ciency, which is reported as percent insertion per allele.

To measure target insertion via linkage, two primer and
probe sets were used, one targeting the silently altered hPAH
payload and a second targeting the Pah genomic sequence
beyond the homology arms. Each probe consisted of a
fluorophore in either the FAM or HEX channel such that
when DNA is analyzed in partitioned droplets, each droplet
can be scored by its emission signature as producing one of
three possible signals: FAM-positive (silently altered hPAH
payload alone); HEX-positive (genomic alone); and HEX+
FAM positive (contains silently altered hPAH payload and
genomic sequence). Target insertion was measured by deter-
mining the proportion of droplets containing both the pay-
load and the genomic sequence in excess of expectation due
to probability, divided by the total number of Pah alleles
tested.

As the relative concentration of vector to genome can
vary across doses and models, it is important to ensure each
measurement is within the linear range of detection for both
the vector and the target genomic sequence. Therefore, prior
to measuring target insertion, the relative abundance of
vector and target genome was measured across a range of
sample input concentrations from 1 ng, 5 ng, 10 ng, 100 ng.
The ratio of vector to genome was used to determine the
sample input concentration in which both the vector and
genomes fall within the limits of detection by ddPCR which
are between 0.25-5000 molecules per pl.

On-Target Insertion—Next Generation Sequencing (NGS)
Assay:

This approach was used to calculate target insertion using
assays spanning both left and right integration sites of the
human PAH editing construct. Each of the two amplicons
share their respective outward primer located on the
genomic DNA flanking each homology arm, while the
inward primers were unique for unedited alleles or for the
edited alleles respectively. Each number of wild-type (WT)
and edited sequences were tallied by counting the number of
sequences covering the junction between the homology arm
and either the inserted gene or the unedited wild-type
sequence. Having separate assays covering both the left and
right side of the insertion site provides redundant quantita-
tion of insertion. By using this NGS approach, the percent-
age of target insertions can be detected per total number of
alleles, and in addition, sequences of the entire insertion site
can be collected, enabling the detection of de novo muta-
tions (e.g., incorrect insertion and deletion events and ITR
integration).

Differences of uninserted and inserted amplification effi-
ciency were accounted for using an 11-step standard for both
left and right integration sites. Each control panel consists of
purified uninserted amplicon and edited amplicon at the
following ratios: 0% edited, 1%, 2%, 5%, 10% 50%, 60%,
90%, 95%, 98%, 99% and 100% edited control sequence.
Target insertion efficiency calculations were as follows: the
sequencing reads specific to uninserted and inserted
genomic loci are tallied and target insertion was calculated
by (insertion read counts/total read counts*100%) and fitted
to the standard curve. As editing quantitation per sample was
measured by two independent assays, each spanning oppo-
site homology arms into the native genome, the consistency
between each measurement was determined.
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On-Target Accuracy—Next Generation Sequencing (NGS)
Assay:

To determine if target gene insertion is accompanied by de
novo mutation at the integration sites, PCR amplicons
spanning genomic sequences beyond both left and right of
the homologous arms and into the target insertion site were
sequenced. A total of four amplicons were sequenced per
sample. Insertion specific amplicons spanning each homol-
ogy arm (hPAH dependent PCR) or WT/uninserted alleles
spanning each homology arm (no hPAH insertion) were
assessed.

To identify the detection limit of the assay, an amplicon-
based control panel was built by mixing two right homolo-
gous arm amplicons, varied by one base (a T to G variation),
at 0%, 0.1%, 0.5%, 1%, 2%, 5%, 10%, 50, and 100%. The
amplicon control panel went through the same processing
steps. Based on the quantitative variant calling from the
standard curve, false-positive variants were observed at a
frequency of 0.1-0.25% at non-random positions. Sequenc-
ing coverage for almost all positions was above 10,000. A
variant was considered to be a true positive with the fol-
lowing criteria: (1) at >0.5% variant frequency and pass
filters; (2) appear in both technical sequencing duplicates;
and (3) not observed in WT alleles given comparable
sequence depth and quality.

Results

A study was performed in PAH*"*? mice using the mouse-
specific correction vector, PAH-006m, which contains
homology arms targeting the mouse PAH locus. PAH-006m
does not contain a liver specific promoter, and as such,
expression is driven by the endogenous promoter elements.
Three male mice per group were administered either 1E+14
vg/kg PAH-006m packaged in AAVHSCI1S5 capsid, or for-
mulation buffer, and blood Phe level was measured weekly
for 12 weeks. At the 12-week timepoint, mice were sacri-
ficed to measure target insertion at the PAH locus, and
mRNA expression levels.

Blood Phe levels were reduced to normal levels by 2
weeks post-administration of PAH-006m packaged in
AAVHSCI1S5 capsid, as shown in FIG. 3. Reduction of blood
Phe was maintained at levels of <360 uM for the duration of
the 12-week study.

The level of on-target insertion at the PAH locus was
measured using the ddPCR linkage assay as described in the
Materials and Methods above. A range of 3-7% target
insertion per allele was detected in the liver at the 12-week
timepoint, as shown in FIG. 4. The level of silently altered
hPAH mRNA was also measured (relative to mouse
GAPDH) and is shown in FIG. 5. The expression of silently
altered hPAH mRNA was detected (PAH/GAPDH mRNA
ratio was 0.38+0.06). Of note, the level of on-target insertion
per allele was found to be directly correlated to the level of
mRNA expression (R-squared 0.82; P<0.02).

To determine if similar levels of on-target insertion and
mRNA expression could be achieved in human liver, experi-
ments were conducted in the FRG® mouse containing a
human liver xenograft. Mice were treated with a single IV
dose of 1E+14 vg/kg PAH-032h packaged in AAVHSCI15
capsid. PAH-032h does not contain the liver specific pro-
moter, and as such, expression is driven by the endogenous
human promoter elements, similar to construct PAH-006m.

Expression of hPAH mRNA derived from silently altered
hPAH was evaluated in liver cells from the FRG® mouse.
Expression was measured by RT-ddPCR and expressed as a
ratio to GAPDH to allow for comparison across human and
mouse hepatocytes. In the human hepatocytes isolated from
the FRG® mouse model, 6-weeks after administration of
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PAH-032h packaged in AAVHSCI15 capsid, hPAH mRNA
derived from silently altered hPAH was expressed (hPAH/
GAPDH mRNA ratio=0.57+0.11). Levels of silently altered
hPAH mRNA in mouse hepatocytes were significantly lower
(PAH/GAPDH mRNA ratio=0.13+0.08, p<0.003 vs human)
and could be entirely accounted for by the presence of
contaminating human hepatocytes in the preparations used
(approximately 15-20% human). The proportion of mouse
cells in human samples and human cells in mouse samples
was calculated by measuring the relative abundance of
human and mouse GAPDH gene in each sample.

Confirmation of human-specific target insertion into the
human PAH locus was done in a separate study in FRG®
mice where levels of on-target insertion (~6% using the
linkage ddPCR method; FIG. 6) and levels of hPAH mRNA
derived from silently altered hPAH (hPAH/GAPDH mRNA
ratio=0.45+0.26) were achieved in human cells with treat-
ment of PAH-032h packaged in AAVHSCI15 capsid. Target
gene insertion efficiency was characterized using the NGS
assay in which quantitation of integration is based on two
separate measurements that cover both the left and right
homology arms, respectively, with coverage extending into
the genomic targeted integration sites and past the end of
each homology arm, as described in the Materials and
Methods above. Untreated wild-type genomic DNA was
used to detect the false-positive rate for this experiment.
Integration of hPAH into the PAH locus was confirmed with
orthogonal assays (linkage ddPCR and NGS) reporting
integration efficiencies of 6%. These results are shown in
FIG. 7.

FIG. 6 and FIG. 7 show targeted insertion frequency in
hepatocytes isolated from treated FRG mice. FIG. 6 shows
insertion of the human-targeting PAH-032h correction vec-
tor packaged in AAVHSCI15 capsid into mouse and human
PAH loci, as measured by the species specific ddPCR editing
assays described herein. As a positive control linkage
between a mouse-specific PAH locus probe and a probe for
the homologous insertion site was used. In FIG. 6, An.1 HS
refers to Animal 1 Homo sapiens Cells, An.1 MM refers to
Animal 1 Mus musculus cells, An.1 MM Pos. refers to
Animal 1 Mus musculus positive control, An.2 HS refers to
Animal 2 Homo sapiens Cells, An.2 MM refers to Animal 2
Mus musculus cells, and An.2 MM Pos. refers to Animal 2
Mus musculus positive control. FIG. 7 shows the editing of
human hepatocytes as measured by quantitative NGS assays
spanning both left and right homology arms. Editing effi-
ciency was measured by read counts of edits specific to
wild-type specific sequences. Untreated human DNA mixed
with PAH-032h vector served as a negative control.

From these studies, it can be concluded that: (1) blood Phe
concentration is reduced to a therapeutically relevant thresh-
old (=360 uM) following administration of the mouse con-
struct PAH-006m packaged in AAVHSC1S5 capsid into
PAH®"*2 mice; (2) similar levels of mRNA expression were
observed across species between the mouse-specific con-
struct PAH-006m in PAH®** mice and the human specific
construct PAH-032h in the human liver tissue of FRG®
mice, both packaged in AAVHSCI1S5 capsid; (3) no signifi-
cant target insertion was observed in mouse hepatocytes
(using mouse-specific assays) following administration of
the human specific construct PAH-032h packaged in
AAVHSCIS5 capsid into FRG® mice, demonstrating the
sequence/species specificity of the human homology arms;
and (4) similar levels of on-target integration per allele were
achieved across species between the mouse-specific con-
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struct PAH-006m in the PAH*? mouse (4-7%) and the
human specific construct PAH-032h in the FRG mouse
(~6%).

Example 3: In Vivo Efficacy of PAH-006m-LP-1 in
PAH"* Mice

The ability of the PAH-006m-LP-1 vector to reduce blood
Phe levels in mice was assessed and correlated with hPAH
mRNA expression and target insertion at the mouse PAH
locus. Specifically, four PAH®"*? mice received single intra-
venous administration of the murine specific PAH-006m-
LP-1 vector packaged in AAVHSC15 capsid covering a
~2-log dose range, with dose levels of 5E+12, 1E+13,
1E+14, and 2E+14 vg/kg (“GE 5E12,” “GE 1E13,” “GE
1E14,” and “GE 2E14,” respectively). In addition, a control
arm containing an AAV gene transfer construct expressing
hPAH but with no homology arms was administered at a
dose of 1E+13 vg/kg (“GT (+) control 1E13”). Four PAH*">
mice were also administered formulation buffer as a nega-
tive control (“FB”). Blood Phe concentration was measured
over the course of the experiment.

A subset of animals dosed at 1E+14 vg/kg were sacrificed
at the 2-week timepoint to measure the level of target gene
insertion in the liver. A level of 5+2% target gene insertion
per allele was detected. The blood Phe concentrations in the
mice through week 41 are shown in FIG. 8A. FIG. 8 A shows
the full data set, while FIG. 8B shows the data out to 12
weeks with a reduced y-axis scale to allow differences
between the dose levels to be seen more clearly. Blood Phe
concentration was reduced to normal levels by one week
following administration of all dose levels, with the 1E+14
and 2E+14 doses resulting in the lowest levels.

On-target analysis was performed on animals dosed at
SE12 vg/kg (“5E+127), 1E13 vg/kg (“1E+13”), and 1E14
vg/kg (“1E+14”), as indicated (FIG. 8C). On-target integra-
tion was measured by next generation sequencing as
described in Example 2. Integration rates were calculated
based on the number of sequences with the integration
divided by total number of sequences (with or without the
integration event). In FIG. 8C, all data was collected at 43
weeks post-dosing, except “1E+14 vg/kg—3 wks” where
the data was collected at 3 weeks post-dosing. As shown,
on-target integration was detected in animals dosed with
1E14  vglkg PAH-006m-LP-1 vector packaged in
AAVHSCIS5 capsid at both 3 and 43 weeks post-dosing.

Example 4: In Vitro Editing Specificity of
PAH-032h in Non-Human Primate and Human
Hepatocytes

Cynomolgus monkeys exhibit 94.2% sequence identity at
the PAH locus to the human homology arm sequences of
PAH-032h. To determine the specificity of PAH-032h for the
human PAH locus, the ability of PAH-032h to edit the PAH
locus in a mixture of primary cynomolgus monkey and
primary human hepatocytes was assessed. A total of SE+5
hepatocytes from a single cynomolgus monkey and a single
human donor were treated with 1.5E+5 vg/cell of PAH-032h
vector packaged in an AAVHSC15 capsid. Editing of the
PAH locus was assessed by PCR using primers specific for
the human edited allele and primers specific for the non-
human primate edited allele. These PCR primers were
designed to show either presence or absence of integration
and were not quantitative. Accordingly, measurements of
PCR efficiency were determined in positive control DNA
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across a standard curve of dilutions. This PCR assay had a
lower limit of detection of 15 copies of edited allele
(2.618E-5 amol).

Targeted integration of the payload into the PAH locus of
human hepatocytes was observed. In contrast, no integration
of the payload into the homologous cynomolgus monkey
loci was detected. These results indicate that the human
homology arms were specific for the human PAH locus in
these assays.

Example 5: Comparison Between Gene
Transfer/Gene Editing Vector and Episomal
Transgene Expression Vector

To investigate the dose response of integrated transgene
expression and episomal transgene expression, a head-to-
head comparison was performed using the mouse-specific
gene transfer/gene editing AAV vector, PAH-006m-LP-1,
and an episomal transgene expression AAV vector (contain-
ing the same transcriptional regulatory element as PAH-
006m-LP-1, but lacking homology arms), packaged in
AAVHSCI1S5 capsid. The only difference between the pay-
loads of the two vectors was the presence of two silent
nucleotide changes in the PAH coding sequence of PAH-
006m-LP-1. Five male, 4-week-old PAH**? mice were
intravenously administered 1E12 vg/kg (“1E+127), SE12
vg/kg (“SE+127), 1E13 vg/kg (“1E+137), SE13 veg/kg (“SE+
13”), or 1E14 vg/kg (“1E+14”) doses of either the mouse-
specific gene transfer/gene editing vector or the episomal
transgene expression vector, in each case packaged in
AAVHSCI1S5, or a formulation buffer control (FB). For the
episomal transgene expression vector packaged in
AAVHSCI1S5, after an official titering procedure, the titer of
the lot used was accordingly adjusted to 7.8E11 vgkg
(“7.8E+117), 3.9E12 vg/kg (“3.9E+12 vg/kg”), 7.8E12
vg/kg (“7.8E+127), 3.9E13 vg/kg (“3.9E+13”), and 7.8E13
vg/kg (“7.8E+13”). It was found that targeted integration in
mice dosed with PAH-006m-LP-1 was detectible and stable.
A dose response between phenotype correction and levels of
integration was also found.

FIGS. 9A and 9B show 12-week time courses of the
serum Phe levels in the mice that were dosed as described
above. As shown, a reduction in serum Phe was observed in
mice that received the episomal transgene expression vector
packaged in AAVHSCI1S capsid (FIG. 9A), or the gene
transfer/gene editing vector packaged in AAVHSC1S5 capsid
(FIG. 9B). Corresponding increases in blood Tyr concentra-
tion, a downstream metabolite of Phe, were also observed in
mice that received the episomal transgene expression vector
packaged in AAVHSCIS capsid (FIG. 9C), or the gene
transfer/gene editing vector packaged in AAVHSC1S5 capsid
(FIG. 9D).

FIGS. 9E and 9F show the vector genome levels in
PAH*"*? mice dosed with the episomal transgene expression
vector (FIG. 9E) or PAH-006m-LP1 (FIG. 9F), in each case
packaged in AAVHSCI15 capsid, at the indicated doses.
Vector genomes per ug of DNA were measured using
quantitative PCR using a coding sequence specific primer
and probes relative to input genomic DNA target. A dose
response in both vector genome copy number and mRNA
was observed for both PAH-006m-LP-1 and the episomal
transgene expression vector. The vector copy number for
PAH-006m-LP-1 (FIG. 9F) was higher across all doses
compared to the episomal transgene expression vector (FIG.
9E). Differences in VG/ug between the transgene and the
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integration vector are observed and may reflect differences
in stability between self-complementary and single-stranded
vectors.

FIGS. 9G and 9H show the PAH transgene mRNA
expression levels in PAH®*? mice dosed with the episomal
transgene expression vector (FIG. 9G) or PAH-006m-LP1
(FIG. 9H), in each case packaged in AAVHSCI1S5 capsid, at
the indicated doses. mRNA levels were measured by quan-
titative RT-PCR using coding sequence specific primers and
probes relative to total RNA. As shown, mRNA expression
was found to be dose-responsive, and expression level was
found to be slightly higher in mice that received PAH-006m-
LP-1 packaged in AAVHSC15 capsid as compared to mice
that received the episomal transgene expression vector pack-
aged in AAVHSC1S5 capsid.

To assess the quantity and fidelity of target locus integra-
tion in PAH*"? mice, two methods were performed to detect
integration events: ddPCR and next generation sequencing.

The level of on-target integration at the PAH locus was
measured using the ddPCR linkage assay as described in
Example 2. FIG. 91 shows the amount of on-target integra-
tion (measured in viral genomes per PAH allele detected by
ddPCR) at 12 weeks post-dosing for the various doses of
PAH-006m-LP1 and episomal transgene expression vector
control indicated. As shown, a dose response of targeted
integration detected by ddPCR was observed in mice that
received PAH-006m-LP1 packaged in AAVHSC1S5 capsid
(FIG. 91; Groups 2, 3, 4, 5, and 6). In comparison, no
targeted integration was detected by ddPCR in mice that
received the episomal transgene expression vector packaged
in AAVHSCI1S capsid (FIG. 91; Group 11).

FIG. 9] shows the frequency of on-target vector insertion
detected (using the NGS approach described in Example 2)
12 weeks post-dosing with the indicated doses of PAH-
006m-LP1 packaged in AAVHSCI15. As shown, a dose
response of targeted integration detected by NGS was
observed in mice that received PAH-006m-L.P1 packaged in
AAVHSCIS capsid. In comparison, no targeted integration
was detected by NGS in mice that received the episomal
transgene expression vector packaged in AAVHSCI1S5
capsid. Integration level was found to be dose-responsive
and higher than 2% at doses greater than SE13 vg/kg.

To evaluate the effect of integrated transgene expression
and episomal transgene expression in proliferating cell
populations, 10-week-old PAH®** mice were intravenously
administered SE12 vg/kg, 2E13 vg/kg, 6E13 vg/kg, or 1E15
vg/kg doses of either the mouse-specific gene transfer/gene
editing vector or the episomal transgene expression vector,
in each case packaged in AAVHSC15, or a formulation
buffer control (FB). For the episomal transgene expression
vector packaged in AAVHSCI15, after an official titering
procedure, the titer of the lot used was accordingly adjusted
to 3.92E12 vg/kg (“3.92E+12”), 1.57E13 vg/kg (“1.57E+13
vg/kg”), 4.71E13 vg/kg (“4.71E+13”), and 7.84E13 vg/kg
(“7.84E+13”). About 2 weeks post-dosing, the mice under-
went either a 70% partial hepatectomy (PHx) to induce rapid
hepatocyte cycling, or a sham surgery (sham). FIGS. 9K and
9L show a time course out to 42 weeks (FIG. 9K) or 40
weeks (FIG. 9L) of the serum Phe levels in these mice. As
shown, in mice treated with the episomal transgene expres-
sion vector (FIG. 9K), serum Phe levels were reduced at
weeks 1 and 2. Following hepatectomy at the 2-week
timepoint, the Phe levels at the SE12 vg/kg and 2E13 vg/kg
dose levels increased during the period of accelerated liver
regeneration. The sham surgery animals treated with 2E13
vg/kg episomal transgene expression vector did not show a
loss of this response, indicating that the increase in serum
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Phe levels in the episomal transgene expression vector
treated hepatectomized mice may be due to vector dilution
under conditions of accelerated liver growth that occurred
following hepatectomy. Mice treated with the gene transfer/
gene editing vector (FIG. 9L) showed a stable reduction in
Phe levels throughout the period of accelerated liver growth
in the partially hepatectomized mice. This result may be
indicative of the benefit of integration at the target mouse
Pah locus.

Example 6: Comparison Between Mouse-Specific
Vector and Human-Specific Vector

To investigate dose range differences between the mouse-
specific gene transfer/gene editing AAV vector (PAH-006m-
LP-1; “mouse design”), and the human-specific gene trans-
fer/gene editing AAV vector (hPAH-hI1C-032-LP1-SD3;
“human design™) was used in a head-to-head study. Four to
five male, 4-week-old (FIGS. 10A-10H) or 10-week-old
(FIGS. 10I-10P) PAH*"“? mice were intravenously admin-
istered 1E12 vg/kg, SE12 vg/kg, 1E13 vg/kg, or SE13 vg/kg
of either the mouse design vector (FIGS. 10A, 10C, 10E,
10G, 101, 10K, 10M, and 100) or the human design vector
(FIGS. 10B, 10D, 10F, 10H, 10J, 10L, 10N, and 10P), in
each case packaged in AAVHSC15, or a formulation buffer
control (FB).

The human design vector comprises human homology
arm sequences and would not be expected to integrate into
the mouse genome via homologous recombination due to
sequence differences, accordingly the human design vector
served as an episomal-only control in these experiments. As
shown, 4-week-old mice dosed with the human design
vector packaged in AAVHSCI1S5 capsid (FIG. 10B) exhibited
an improvement in serum Phe reduction, similar to mice
administered the mouse design vector (FIG. 10A). A corre-
sponding increase in blood Tyr concentration was also
observed in the 4-week-old mice dosed with the human
design vector packaged in AAVHSCI15 capsid (FIG. 10D)
and in the mice dosed with the mouse design vector (FIG.
10C). As shown in FIGS. 10E and 10F, a dose response was
observed for vector genome levels detected in the liver of
4-week-old mice dosed with the human design vector (FIG.
10F) or the mouse design vector (FIG. 10E) packaged in
AAVHSCIS capsid. A dose response was also observed for
mRNA levels detected in the liver of 4-week-old mice dosed
with the human design vector (FIG. 10H) or the mouse
design vector (FIG. 10G) packaged in AAVHSCI15 capsid.

At 10 weeks old, mice dosed with the human design
vector packaged in AAVHSC1S5 capsid (FIG. 10I) were
found to have a similar reduction in serum Phe levels,
compared to mice dosed with the mouse design vector (FIG.
10H). A corresponding increase in blood Tyr concentration
was also observed in the 10-week-old mice dosed with the
human design vector packaged in AAVHSC15 capsid (FIG.
10K) and in mice dosed with the mouse design vector (FIG.
10J). As shown in FIGS. 10M and ION, a dose response was
observed for vector genome levels detected in the liver of
10-week-old mice dosed with the human design vector (FIG.
10N) or the mouse design vector (FIG. 10M) packaged in
AAVHSCIS capsid. A dose response was also observed for
mRNA levels detected in the liver of 10-week-old mice
dosed with the human design vector (FIG. 10P) or the mouse
design vector (FIG. 100) packaged in AAVHSCI15 capsid.

Example 7: Effect of a Single Dose of
Mouse-Specific Vector or Human-Specific Vector

To evaluate the effect of the age of PAHenu2 mice on the
response to a single dose of the mouse-specific gene trans-
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fer/gene editing AAV vector (PAH-006m-LP-1; “mouse
design™) or the human-specific gene transfer/gene editing
AAV vector (WPAH-hI1C-032-LP1-SD3; “human design”),
mice at 2-; 4-, and 10-weeks of age were selected. This
allowed for a comparison between the effect of pediatric
liver growth (2- and 4-week-old mice) and the liver of an
adult (10-week-old mice). A single 1E14 vg/kg dose of the
mouse design vector packaged in AAVHSC1S5 or the human
design vector packaged in AAVHSC15 was intravenously
administered to PAHenu2 mice at 2-, 4-, or 10-weeks of age.
A total of four to five male mice in each age group were
administered the respective packaged vectors. Formulation
buffer was administered as control. As the human design
vector does not integrate into the mouse Pah locus, it
provides a control to demonstrate the effect of episomal
expression on mice of different ages. In this example, after
an official titering procedure, the titer of the lot used was
accordingly adjusted to 9.07E13 vg/kg for the mouse design
and 1.06E14 vg/kg for the human design. The various dosing
cohorts studied are set forth in Table 2.

TABLE 2
Dosing Cohorts
Dose Number of mice  Necropsy
Level dosed/Sex (age at (weeks post-

Group  Test Atticle (vg/kg) dosing) administration)

1 Formulation NA 5/M (2-weeks) 43 weeks

buffer

2 Mouse design  1E + 14 5/M (2-weeks)

3 vector packaged (9.07E13) 4/M (4-weeks)

4 in AAVHSC15 4/M (10-weeks)

5 4/M (2-weeks) 2 weeks

6 4/M (2-weeks) 4 weeks

7 4/M (2-weeks) 8 weeks

8 Formulation NA 4/M (2-weeks) 42 weeks

buffer

9 Human design 1E + 14 4/M (2-weeks)

10 vector packaged (1.06E14) 4/M (4-weeks)

11 in AAVHSC15 4M (10-weeks)

12 4/M (2-weeks) 2 weeks
13 4/M (2-weeks) 4 weeks
14 4/M (2-weeks) 8 weeks
15 Mouse design 4/M (4-weeks) 42 weeks

vector packaged
in AAVHSC15

As set forth in Table 2, Groups 1-4 were sacrificed 43
weeks post-administration, and Groups 8-11, and 15 were
sacrificed 42 weeks post-administration. Serum Phe and Tyr
levels were examined over time for Groups 1-4, 8-11, and 15
(FIGS. 11A-11D). FIGS. 11E-11K show the vector genome
levels and mRNA levels detected in the livers of mice at the
necropsy time points indicated in Table 2. mRNA levels in
the livers of Groups 5-7 mice were not measured.

In mice treated with the mouse design vector, serum Phe
levels were reduced to normal levels within one week
following administration of the vector (FIG. 11A). For the
treated 4- and 10-week-old mice (Groups 3 and 4), the
reduction in Phe levels was maintained through 43 weeks,
demonstrating long term durability of response to treatment.
For the 2-week-old mice, the results were variable. A
corresponding increase in serum Tyr concentration was
observed in the 4- and 10-week-old mice through 43 weeks
(FIG. 11C). FIG. 11E shows the vector genome levels
detected in the liver of 2-, 4-, and 10-week-old mice treated
with the mouse design vector. FIG. 111 shows the mRNA
levels detected in the liver of 2-, 4-, and 10-week-old mice
treated with the mouse design vector.
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In mice treated with the human design vector, serum Phe
levels were reduced by the one week time point following
administration of the vector (FIG. 11B). For the treated 4-
and 10-week-old mice (Groups 10 and 11), the reduction in
Phe levels was maintained through 43 weeks, indicating
long term durability of response to treatment. In the treated
2-week-old mice (Group 9), Phe levels maintained at clini-
cally relevant levels of =360 uM through 30 weeks. A
corresponding increase in serum Tyr concentration was
observed in Groups 9 (through 30 weeks), 10 (through 42
weeks), and 11 (through 42 weeks) (FIG. 11D). These data
indicate that a 1E14 vg/kg dose of the human design vector
packaged in AAVHSCI15 is sufficient to provide sustained
efficacy through the period of liver growth in a juvenile
mouse, and that the effect is sustained for at least 30 weeks
post-administration. FIG. 11F shows the vector genome
levels detected in the liver of 2-, 4-, and 10-week-old mice
treated with the human design vector. FIG. 11J shows the
mRNA levels detected in the liver of 2-, 4-, and 10-week-old
mice treated with the human design vector.

FIGS. 11G and 11H show that in 2-week-old mice treated
with the mouse design vector (FIG. 11G; Groups 5-7) and
2-week-old mice treated with the human design vector (FIG.
11H; Groups 12-14), vector genome levels were sustained
up to 8 weeks post-administration. FIG. 11K shows that
mRNA levels of 2-week-old mice treated with the human
design vector were sustained up to 8 weeks post-adminis-
tration.

Example 8: Kinetics and Durability of Integration
in Adult PAH*"* Mice

To determine kinetics and durability of vector integration
over time, 10-week-old male PAH*"? mice were adminis-
tered a mouse-specific gene transfer/gene editing AAV vec-
tor (PAH-006m-LP-1) packaged in AAVHSCI1S5 capsid at a
dose of 1E14 vg/kg. Six cohorts were sacrificed at 1, 2, 4, 8,
and 16 weeks post-dosing (five mice per cohort). The
kinetics of integration was investigated by monitoring serum
Phe levels over time, vector genome levels over time, PAH
transgene mRNA expression levels over time, and targeted
integration levels overtime, at the various time points. It was
found that vector genome levels, PAH transgene mRNA
expression levels, and integration frequencies were stable
over time (FIGS. 12A-120).

FIGS. 12A and 12B show a time course of vector genome
levels (FIG. 12A) and PAH transgene mRNA expression
levels (FIG. 12B) in PAH®*? mice administered PAH-
006m-LP-1 packaged in AAVHSCI1S5 capsid at a dose of
1E14 vg/kg. The vector genome and the mRNA levels over
time were found to be stable up to 42 weeks. Vector genome
levels were measured using quantitative PCR using a coding
sequence specific primer and probes relative to input
genomic DNA target. Measurement of expression was per-
formed by quantitative RT-PCR using coding sequence
specific primers and probes relative to total RNA.

A long-read next generation sequencing (NGS) method
was developed to quantitate integrated versus unintegrated
alleles. Long-read sequencing was selected due to the length
of the homology arms requiring a read through of the
integration sequence and into the genomic DNA. The
method was able to distinguish between integrated alleles,
wild-type alleles, and vector genomes that are present in a
given sample. PCR is performed using three primers specific
to 1) the genomic region; ii) a region specific to the inte-
grated allele; and iii) a region specific to the wild-type allele.
The frequency of on-target vector integration was deter-
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mined by competitively amplifying both wild-type and
integrated alleles at the PAH region using DNA derived from
the livers of treated animals. The long-read sequencing of
the amplified products covered the homology arm, which
was identical across genomic, integrated, and vector genome
sequences. The adjoining sequences, which were also cov-
ered by long-read sequencing, determine whether the source
of the read was from wild-type, integrated, or vector
genomes. Contiguous sequences that included both the
genomic DNA and the silently altered hPAH transgene were
tallied as integrated alleles, while sequences that included
only the genomic DNA without the silently altered hPAH
transgene in the target integration site were tallied as wild-
type alleles. Percentage of integrated sequences were cal-
culated as the number of reads mapped to the integrated
reference divided by the total number of reads mapped to the
integrated reference, reads mapped to the wild-type refer-
ence, and reads mapped to vector genome concatemers. FIG.
12C shows a time course of targeted integration frequency
in PAH®"* mice administered PAH-006m-LP-1 packaged in
AAVHSCIS5 capsid at a dose of 1E14 vg/kg. On-target
integration was detected at one week post-dosing, achieved
peak levels by about 2 weeks, and remained consistent
through 42 weeks.

FIGS. 12D and 12E are graphs showing the effect on
serum Phe (FIG. 12D) and Tyr (FIG. 12E) in PAH** mice
administered PAH-006m-L.P-1 packaged in AAVHSCI15
capsid at a dose of 1E14 vg/kg, up to 42 weeks post-
injection.

Example 9: In Vivo Efficacy of
hPAH-hI1C-032-LP1-SD3

To determine kinetics and durability of integration of a
human specific gene transfer/gene editing vector over time,
male humanized liver FRG mice (“HuLiv” mice; see,
Example 2) were administered the human-specific gene
transfer/gene editing vector, hPAH-hI1C-032-LP1-SD3,
packaged in AAVHSCI15 capsid, at a dose of 7E13 vg/kg
(Groups 1 and 3) or 2E14 vg/kg (Groups 2 and 4), and
sacrificed at 4 (Groups 1 and 2) or 12 weeks (Groups 3 and
4) post-dosing (six male mice per cohort). Control FRG
mice were administered formulation buffer and sacrificed at
4 (Group 5) or 12 weeks (Group 6) post-administration.

FIGS. 13A and 13B show the vector genome levels and
mRNA levels detected in human hepatocytes isolated from
HuLiv mice at 4 and 12 weeks after administration of
hPAH-hI1C-032-L.P1-SD3 packaged in AAVHSCI15, at the
indicated doses. As shown, the level of vector genomes
(FIG. 13A) and mRNA expression (FIG. 13B) in human
hepatocytes were found to be dose responsive and stable
over time up to 12 weeks. Vector genome levels were
measured using quantitative PCR using a coding sequence
specific primer and probes relative to input genomic DNA
target. Measurement of expression was performed by quan-
titative RT-PCR using coding sequence specific primers and
probes relative to total RNA. FIG. 13C shows the frequency
of on-target integration detected in human hepatocytes iso-
lated from HuLiv mice at 4 and 12 weeks after administra-
tion of hPAH-hI1C-032-L.P1-SD3 packaged in AAVHSC15,
at the indicated doses. As shown, the level of on-target
integration in human hepatocytes was found to be dose
responsive and stable over time up to 12 weeks. Measure-
ment of targeted integration was carried out using the
long-read NGS method described in Example 8.
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Given that homologous recombination may be driven by
short stretches of sequence similarity between the homology
arms of the vector and an off-target location in the genome,
a PCR-based assay was developed to specifically test for
integration into genomic regions that contain sequence simi-
lar to the homology arms. The method bioinformatically
predicted the most likely regions to undergo off-target
homologous recombination in human cells transduced with
vector containing homology arms specific to the human PAH
locus. These predicted regions were selected based on the
highest sequence similarity to the homology arms. A PCR-
based method was designed to specifically test transduced
samples for any occurrence of off-target integration in the
predicted regions. Using this PCR-based method, integra-
tion to a level of 1:10000 DNA molecules was able to be
detected.

Predicted off-target integration sites were selected based
on two criteria: a minimum sequence length of 35 bp; and a
minimum sequence identity of 60% relative to the homology
arms. Six regions of the genome were identified that met
these criteria via bioinformatic alignment against Genome
Reference Consortium Human Build 38. PCR primers that
allow specific amplification for off-target integration at 5 of
these 6 regions were designed. Region 3 was found to be in
a highly repetitive region and was dropped from further
analysis because specific primers could not be generated. As
positive controls (“Pos”), specific control DNAs spiked into
genomic DNA, were run for each specific region down to a
dilution of 1:10,000, representing 0.010% and the limit of
detection of the PCR-based method. For each predicted
region, integration-specific primer pairs targeting homolo-
gous recombination in either direction (inward (“In”) or
outward (“Out”) from the region of homology) were tested
independently to query for off-target integration. Off-target
integration was defined as positive if a distinct PCR band of
the correct size was identified in a sample.

FIGS. 14A-14D show the results of predicted off-target
integration determined by the PCR-based method described
above, performed on genomic DNA samples isolated from
10-week-old male humanized liver FRG mice administered
the human-specific gene transfer/gene editing vector, hPAH-
hI1C-032-LP1-SD3, packaged in AAVHSCI15 capsid, at a
dose of 7E13 vg/kg (FIGS. 14A and 14C) or 2E14 vg/kg
(FIGS. 14B and 14D), and sacrificed at 4 (FIGS. 14A and
14B) or 12 weeks (FIGS. 14C and 14D) post-dosing (six
male mice per cohort). As shown, no integration was
detected at the predicted off-target integration sites.

The invention is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifica-
tions of the invention in addition to those described will
become apparent to those skilled in the art from the fore-
going description and accompanying figures. Such modifi-
cations are intended to fall within the scope of the appended
claims.

All references (e.g., publications or patents or patent
applications) cited herein are incorporated herein by refer-
ence in their entirety and for all purposes to the same extent
as if each individual reference (e.g., publication or patent or
patent application) was specifically and individually indi-
cated to be incorporated by reference in its entirety for all
purposes. Other embodiments are within the following
claims.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 86

<210> SEQ ID NO 1

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: adeno-associated virus 9

<400> SEQUENCE: 1

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn
260 265 270

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg
275 280 285

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn
290 295 300

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile
305 310 315 320

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn
325 330 335

Asn Leu Thr Ser Thr Val Gln Val Phe Thr Asp Ser Asp Tyr Gln Leu
340 345 350

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro
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-continued

355 360 365

Ala Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asp
370 375 380

Gly Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe
385 390 395 400

Pro Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Gln Phe Ser Tyr Glu
405 410 415

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu
420 425 430

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser
435 440 445

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gln Gln Thr Leu Lys Phe Ser
450 455 460

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 2

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate
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<400> SEQUENCE:

Met

1

Glu

Lys

Gly

65

Gln

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly
385

Pro

Thr

Gly

Ala

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Ala

Ile

Asn

35

Lys

Ala

Leu

Glu

Gly

115

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val
355
Val

Gln

Gln

Asp

Arg

20

Gln

Tyr

Ala

Lys

Phe

100

Arg

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

2

Gly

Glu

Gln

Leu

Asp

Ala

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu
405

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly
390

Arg

Leu

Trp

Gln

Pro

55

Ala

Asp

Arg

Phe

Ala

135

Gln

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro
375

Arg

Thr

Pro

Ala

Asp

40

Gly

Ala

Asn

Leu

Gln

120

Ala

Glu

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Gln

Asn

Val

His
360
Gln

Ser

Gly

Asp

Leu

25

Asn

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Trp

10

Lys

Ala

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn
410

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Glu

Gly

Gly

Asp

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu
380

Cys

Gln

Asp

Ala

Leu

45

Lys

Lys

Tyr

Ser

Leu

125

Gly

Ala

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro
365
Thr

Leu

Phe

Asn

Pro

30

Val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Leu

15

Gln

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Ile

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr
415

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe
400

Glu
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-continued

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu
420 425 430

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser
435 440 445

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gln Gln Thr Leu Lys Phe Ser
450 455 460

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 3

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 3

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45
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60

Gly

65

Gln

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr
450

Lys

Ala

Leu

Glu

Gly

115

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Tyr

Ala

Lys

Phe

100

Arg

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Leu

Asp

Ala

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu
405
Pro

Asn

Gly

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Pro

55

Ala

Asp

Arg

Phe

Ala

135

Gln

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly
455

Gly

Ala

Asn

Leu

Gln

120

Ala

Glu

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser
425

Asp

Asn

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn
410
Tyr

Gln

Gln

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr
460

Lys

Lys

Tyr

Ser

Leu

125

Gly

Ala

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln
430

Tyr

Lys

Glu

Tyr

His

95

Gly

Glu

Lys

Ile

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser



US 12,076,420 B2
61

-continued

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Gly Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Gly Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 4

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 4

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
Ile Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95
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64

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Ala

Leu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Glu

Gly

115

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn

Phe

100

Arg

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu
500

Ser

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg
485

Phe

Leu

Glu

Val

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn
470
Gln

Ala

Met

Arg

Phe

Ala

135

Gln

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Leu

Gln

120

Ala

Glu

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Gly
505

Gly

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser
490

Ala

Pro

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly
475
Thr

Ser

Ala

Thr

Arg

Pro

140

Ser

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser

Leu

125

Gly

Ala

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala

Phe

110

Leu

Lys

Gly

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala
510

Ser

Gly

Glu

Lys

Ile

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln
495

Leu

His

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro
480
Asn

Asn

Lys
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66

Glu

Lys

545

Thr

Tyr

Thr

Asp

Thr

625

Lys

Asp

Gln

Lys

Tyr

705

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

Gly

530

Gln

Asn

Gly

Gly

Arg

610

Tyr

His

Pro

Tyr

Glu

690

Tyr

Ser

515

Glu

Gly

Glu

Gln

Trp

595

Asp

Gly

Pro

Pro

Ser

675

Asn

Lys

Glu

Asp

Thr

Glu

Val

580

Val

Val

Asn

Pro

Thr

660

Thr

Ser

Ser

Pro

PRT

<400> SEQUENCE:

Met
1

Glu

Lys

Gly

65

Gln

Asp

Asn

Leu

Pro

Ala

Gly

Ala

Tyr

50

Asn

Gln

Ala

Leu

Gly
130

Val

Ala

Ile

Asn

35

Lys

Ala

Leu

Glu

Gly
115

Leu

Glu

Asp

Arg

20

Gln

Tyr

Ala

Lys

Phe

100

Arg

Val

Gln

Arg

Gly

Glu

565

Ala

Gln

Tyr

Phe

Pro

645

Ala

Gly

Lys

Asn

Arg
725

SEQ ID NO 5
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: AAV isolate

736

5

Gly

5

Glu

Gln

Leu

Asp

Ala

85

Gln

Ala

Glu

Ser

Phe

Arg

550

Ile

Thr

Asn

Leu

His

630

Gln

Phe

Gln

Arg

Asn

710

Pro

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

Phe

535

Asp

Lys

Asn

Gln

Gln

615

Pro

Ile

Asn

Val

Trp

695

Val

Ile

Leu

Trp

Gln

Pro

55

Ala

Asp

Arg

Phe

Ala

135

Gln

520

Pro

Asn

Thr

His

Gly

600

Gly

Ser

Leu

Lys

Ser

680

Asn

Glu

Gly

Pro

Ala

Asp

Gly

Ala

Asn

Leu

Gln

120

Ala

Glu

Leu

Val

Thr

Gln

585

Ile

Pro

Pro

Ile

Asp

665

Val

Pro

Phe

Thr

Asp

Leu

25

Asn

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Ser

Asp

Asn

570

Ser

Leu

Ile

Leu

Lys

650

Lys

Glu

Glu

Ala

Arg
730

Trp

10

Lys

Ala

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Gly

Ala

555

Pro

Ala

Pro

Trp

Met

635

Asn

Leu

Ile

Ile

Val

715

Tyr

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Ala

Ser

Ser

540

Asp

Val

Gln

Gly

Ala

620

Gly

Thr

Asn

Glu

Gln

700

Asn

Leu

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

525

Leu

Lys

Ala

Ala

Met

605

Lys

Gly

Pro

Ser

Trp

685

Tyr

Thr

Thr

Asp

Ala

Leu

45

Lys

Lys

Tyr

Ser

Leu
125

Gly

Ala

Ile

Val

Thr

Gln

590

Val

Ile

Phe

Val

Phe

670

Glu

Thr

Glu

Arg

Asn

Pro

30

Val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Phe

Met

Glu

575

Ala

Trp

Pro

Gly

Pro

655

Ile

Leu

Ser

Gly

Asn
735

Leu

15

Gln

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Ile

Gly

Ile

560

Ser

Gln

Gln

His

Met

640

Ala

Thr

Gln

Asn

Val

720

Leu

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro

Arg

Asp
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68

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys
545

Thr

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn
515
Glu

Gly

Glu

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Thr

Glu

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Phe

Leu

Arg

Gly

Glu
565

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg
550

Ile

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe
535

Asp

Lys

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro
520
Pro

Asn

Thr

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Gly

505

Gly

Leu

Val

Thr

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn
570

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala
555

Pro

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser
540

Asp

Val

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala
525
Leu

Lys

Ala

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu
575

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile
560

Ser
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-continued

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 6

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 6

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Leu Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205
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-continued

72

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys

545

Thr

Tyr

Thr

Asp

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Gly

Arg
610

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn

515

Glu

Gly

Glu

Gln

Trp
595

Asp

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Ser

Tyr

Glu

500

Ser

Asp

Thr

Glu

Val
580

Val

Val

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Phe

Leu

Arg

Gly

Glu
565
Ala

Gln

Tyr

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg

550

Ile

Thr

Asn

Leu

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe

535

Asp

Lys

Asn

Gln

Gln
615

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro

520

Pro

Asn

Thr

His

Gly

600

Gly

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Gly

505

Gly

Leu

Val

Thr

Gln
585

Ile

Pro

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn
570
Ser

Leu

Ile

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala

555

Pro

Ala

Pro

Trp

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser

540

Asp

Val

Gln

Gly

Ala
620

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala

525

Leu

Lys

Ala

Ala

Met
605

Lys

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Gln
590

Val

Ile

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu

575

Ala

Trp

Pro

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile

560

Ser

Gln

Gln

His



US 12,076,420 B2
73

-continued

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 7

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 7

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255
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76

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys

545

Thr

Tyr

Thr

Asp

Thr
625
Lys

Asp

Gln

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Gly

Arg

610

Asp

His

Pro

Tyr

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn

515

Glu

Gly

Glu

Gln

Trp

595

Asp

Gly

Pro

Pro

Ser

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Thr

Glu

Val

580

Val

Val

Asn

Pro

Thr
660

Thr

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Phe

Leu

Arg

Gly

Glu

565

Ala

Gln

Tyr

Phe

Pro
645

Ala

Gly

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg

550

Ile

Thr

Asn

Leu

His
630
Gln

Phe

Gln

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe

535

Asp

Lys

Asn

Gln

Gln

615

Pro

Ile

Asn

Val

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro

520

Pro

Asn

Thr

His

Gly

600

Gly

Ser

Leu

Lys

Ser

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Gly

505

Gly

Leu

Val

Thr

Gln

585

Ile

Pro

Pro

Ile

Asp
665

Val

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn

570

Ser

Leu

Ile

Leu

Lys
650

Lys

Glu

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala

555

Pro

Ala

Pro

Trp

Met
635
Asn

Leu

Ile

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser

540

Asp

Val

Gln

Gly

Ala

620

Gly

Thr

Asn

Glu

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala

525

Leu

Lys

Ala

Ala

Met

605

Lys

Gly

Pro

Ser

Trp

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Arg

590

Val

Ile

Phe

Val

Phe
670

Glu

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu

575

Ala

Trp

Pro

Gly

Pro
655

Ile

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile

560

Ser

Gln

Gln

His

Met
640
Ala

Thr

Gln



US 12,076,420 B2
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-continued

675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 8

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 8

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Val Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn
260 265 270

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg
275 280 285

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn
290 295 300

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile
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80

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys

545

Thr

Tyr

Thr

Asp

Thr

625

Lys

Asp

Gln

Lys

Tyr

705

Tyr

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Gly

Arg

610

Asp

His

Pro

Tyr

Glu
690

Tyr

Ser

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn

515

Glu

Gly

Glu

Gln

Trp

595

Asp

Gly

Pro

Pro

Ser
675
Asn

Lys

Glu

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Thr

Glu

Val

580

Val

Val

Asn

Pro

Thr

660

Thr

Ser

Ser

Pro

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Phe

Leu

Arg

Gly

Glu

565

Ala

Gln

Tyr

Phe

Pro

645

Ala

Gly

Lys

Asn

Arg
725

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg

550

Ile

Thr

Asn

Leu

His

630

Gln

Phe

Gln

Arg

Asn
710

Pro

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe

535

Asp

Lys

Asn

Gln

Gln

615

Pro

Ile

Asn

Val

Trp
695

Val

Ile

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro

520

Pro

Asn

Thr

His

Gly

600

Gly

Ser

Leu

Lys

Ser
680
Asn

Glu

Gly

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Gly

505

Gly

Leu

Val

Thr

Gln

585

Ile

Pro

Pro

Ile

Asp

665

Val

Pro

Phe

Thr

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn

570

Ser

Leu

Ile

Leu

Lys

650

Lys

Glu

Glu

Ala

Arg
730

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala

555

Pro

Ala

Pro

Trp

Met

635

Asn

Leu

Ile

Ile

Val
715

Tyr

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser

540

Asp

Val

Gln

Gly

Ala

620

Gly

Thr

Asn

Glu

Gln
700

Asn

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala

525

Leu

Lys

Ala

Ala

Met

605

Lys

Gly

Pro

Ser

Trp
685
Tyr

Thr

Thr

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Gln

590

Val

Ile

Phe

Val

Phe

670

Glu

Thr

Glu

Arg

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu

575

Ala

Trp

Pro

Gly

Pro

655

Ile

Leu

Ser

Gly

Asn
735

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile

560

Ser

Gln

Gln

His

Met

640

Ala

Thr

Gln

Asn

Val
720

Leu
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-continued

<210> SEQ ID NO 9

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 9

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Arg Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
225 230 235 240

Thr Thr Ser Thr Arg Thr Trp Ala Leu Pro Thr Tyr Asn Asn His Leu
245 250 255

Tyr Lys Gln Ile Ser Asn Ser Thr Ser Gly Gly Ser Ser Asn Asp Asn
260 265 270

Ala Tyr Phe Gly Tyr Ser Thr Pro Trp Gly Tyr Phe Asp Phe Asn Arg
275 280 285

Phe His Cys His Phe Ser Pro Arg Asp Trp Gln Arg Leu Ile Asn Asn
290 295 300

Asn Trp Gly Phe Arg Pro Lys Arg Leu Asn Phe Lys Leu Phe Asn Ile
305 310 315 320

Gln Val Lys Glu Val Thr Asp Asn Asn Gly Val Lys Thr Ile Ala Asn
325 330 335

Asn Leu Thr Ser Thr Val Gln Val Phe Thr Asp Ser Asp Tyr Gln Leu
340 345 350

Pro Tyr Val Leu Gly Ser Ala His Glu Gly Cys Leu Pro Pro Phe Pro
355 360 365



US 12,076,420 B2
83

-continued

Ala Asp Val Phe Met Ile Pro Gln Tyr Gly Tyr Leu Thr Leu Asn Asp
370 375 380

Gly Ser Gln Ala Val Gly Arg Ser Ser Phe Tyr Cys Leu Glu Tyr Phe
385 390 395 400

Pro Ser Gln Met Leu Arg Thr Gly Asn Asn Phe Gln Phe Ser Tyr Glu
405 410 415

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu
420 425 430

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser
435 440 445

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gln Gln Thr Leu Lys Phe Ser
450 455 460

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 10

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 10



85

US 12,076,420 B2

-continued

86

Met

Glu

Lys

Gly

65

Gln

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Ala

Gly

Ala

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Ala

Ile

Asn

35

Lys

Ala

Leu

Glu

Gly

115

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val
355
Val

Gln

Gln

Asp

Arg

20

Gln

Tyr

Ala

Lys

Phe

100

Arg

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Gly

Glu

Gln

Leu

Asp

Ala

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu
405

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Leu

Trp

Gln

Pro

55

Ala

Asp

Arg

Phe

Ala

135

Gln

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro
375

Arg

Thr

Pro

Ala

Asp

40

Gly

Ala

Asn

Leu

Gln

120

Ala

Glu

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His
360
Gln

Ser

Gly

Asp

Leu

25

Asn

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Trp

Lys

Ala

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn
410

Leu

Pro

Arg

Leu

His

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu
380

Cys

Gln

Asp

Ala

Leu

45

Lys

Lys

Tyr

Ser

Leu

125

Gly

Ala

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro
365
Thr

Leu

Phe

Asn

Pro

30

Val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Glu

190

Cys

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Leu

15

Gln

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Ile

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr
415

Ser

Pro

Pro

Pro

Asp

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu
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-continued

Phe Glu Asn Val Pro Phe His Ser Ser Tyr Ala His Ser Gln Ser Leu
420 425 430

Asp Arg Leu Met Asn Pro Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu Ser
435 440 445

Lys Thr Ile Asn Gly Ser Gly Gln Asn Gln Gln Thr Leu Lys Phe Ser
450 455 460

Val Ala Gly Pro Ser Asn Met Ala Val Gln Gly Arg Asn Tyr Ile Pro
465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 11

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 11

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45
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90

Gly

65

Gln

Asp

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

Tyr

50

Asn

Gln

Ala

Leu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr
450

Ala

Lys

Ala

Leu

Glu

Gly

115

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu
435

Ile

Gly

Tyr

Ala

Lys

Phe

100

Arg

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val
420
Met

Asn

Pro

Leu

Asp

Ala

85

Gln

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Gly

Ala

70

Gly

Glu

Val

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

Pro

55

Ala

Asp

Arg

Phe

Ala

135

Gln

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly
455

Met

Gly

Ala

Asn

Leu

Gln

120

Ala

Glu

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile
440

Gln

Ala

Asn

Leu

Pro

Lys

105

Ala

Lys

Pro

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser
425
Asp

Asn

Val

Gly

Glu

Tyr

90

Glu

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Leu

His

75

Leu

Asp

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro

140

Ser

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr
460

Arg

Lys

Arg

Tyr

Ser

Leu

125

Gly

Ala

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr
445

Leu

Asn

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln
430
Tyr

Lys

Tyr

Glu

Tyr

His

95

Gly

Glu

Lys

Ile

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Pro

Asp

80

Ala

Gly

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro
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-continued

465 470 475 480

Gly Pro Ser Tyr Arg Gln Gln Arg Val Ser Thr Thr Val Thr Gln Asn
485 490 495

Asn Asn Ser Glu Phe Ala Trp Pro Gly Ala Ser Ser Trp Ala Leu Asn
500 505 510

Gly Arg Asn Ser Leu Met Asn Pro Gly Pro Ala Met Ala Ser His Lys
515 520 525

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Lys Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 12

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 12

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
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94

Asn

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Leu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

115

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn
515

100

Arg

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu
500

Ser

Ala

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg
485

Phe

Leu

Val

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn
470
Gln

Ala

Met

Phe

Ala

135

Gln

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Gln

120

Ala

Glu

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

His

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro
520

105

Ala

Lys

Pro

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Arg
505

Gly

Lys

Thr

Asp

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser
490

Ala

Pro

Lys

Ala

Ser

155

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly
475
Thr

Ser

Ala

Arg

Pro

140

Ser

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Leu

125

Gly

Ala

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala
525

110

Leu

Lys

Gly

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala
510

Ser

Glu

Lys

Ile

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln
495

Leu

His

Pro

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Asn

Pro
480
Asn

Asn

Lys
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-continued

Glu Gly Glu Asp Arg Phe Phe Pro Leu Ser Gly Ser Leu Ile Phe Gly
530 535 540

Lys Gln Gly Thr Gly Arg Asp Asn Val Asp Ala Asp Lys Val Met Ile
545 550 555 560

Thr Asn Glu Glu Glu Ile Lys Thr Thr Asn Pro Val Ala Thr Glu Ser
565 570 575

Tyr Gly Gln Val Ala Thr Asn His Gln Ser Ala Gln Ala Gln Ala Gln
580 585 590

Thr Gly Trp Val Gln Asn Gln Gly Ile Leu Pro Gly Met Val Trp Gln
595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Met Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 13

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 13

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160
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98

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys
545

Thr

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn
515
Glu

Gly

Glu

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Thr

Glu

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Phe

Leu

Arg

Gly

Glu
565

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg

550

Ile

Ala

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe
535

Asp

Lys

Lys

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro
520
Pro

Asn

Thr

Lys

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Arg

505

Gly

Leu

Val

Thr

Arg

170

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn
570

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala

555

Pro

Asn

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser
540

Asp

Val

Phe

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala
525
Leu

Lys

Ala

Gly

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Gln

175

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu
575

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile

560

Ser
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-continued

100

Tyr

Thr

Asp

Thr

625

Lys

Asp

Gln

Lys

Tyr

705

Tyr

<210>
<211>
<212>
<213>
<220>
<223>

<400>

ttggccacte cctetetgeg cgetegeteg ctecactgagg cegggegace aaaggtegec

cgacgecegyg getttgeceg ggeggectca gtgagegage gagegegeag agagggagtg

Gly

Gly

Arg

610

Asp

His

Pro

Tyr

Glu

690

Tyr

Ser

Gln

Trp

595

Asp

Gly

Pro

Pro

Ser

675

Asn

Lys

Glu

Val

580

Val

Val

Asn

Pro

Thr

660

Thr

Ser

Ser

Pro

SEQUENCE :

Ala

Gln

Tyr

Phe

Pro

645

Ala

Gly

Lys

Asn

Arg
725

SEQ ID NO 14
LENGTH:
TYPE: DNA
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION:

145

14

Thr

Asn

Leu

His

630

Gln

Phe

Gln

Arg

Asn

710

Pro

Asn

Gln

Gln

615

Pro

Ile

Asn

Val

Trp

695

Val

Ile

His

Gly

600

Gly

Ser

Leu

Lys

Ser

680

Asn

Glu

Gly

Gln

585

Ile

Pro

Pro

Ile

Asp

665

Val

Pro

Phe

Thr

Ser

Leu

Ile

Leu

Lys

650

Lys

Glu

Glu

Ala

Arg
730

Ala

Pro

Trp

Met

635

Asn

Leu

Ile

Ile

Val

715

Tyr

Gln

Gly

Ala

620

Gly

Thr

Asn

Glu

Gln

700

Asn

Leu

Ala

Met

605

Lys

Gly

Pro

Ser

Trp

685

Tyr

Thr

Thr

Synthetic polynucleotide

gccaactcca tcactagggg ttect

<210>
<211>
<212>
<213>
<220>
<223>

PRT

<400> SEQUENCE:

Met

1

Glu

Lys

Gly

65

Gln

Asp

Asn

Ala

Gly

Ala

Tyr

50

Asn

Gln

Ala

Leu

Ala

Ile

Asn

35

Lys

Ala

Leu

Glu

Gly
115

Asp

Arg

20

Gln

Tyr

Ala

Lys

Phe
100

Arg

SEQ ID NO 15
LENGTH:
TYPE :
ORGANISM: Artificial Sequence
FEATURE:
OTHER INFORMATION: AAV isolate

736

15

Gly

Glu

Gln

Leu

Asp

Ala

85

Gln

Ala

Tyr

Trp

His

Gly

Ala

70

Gly

Glu

Val

Leu

Trp

Gln

Pro

55

Ala

Asp

Arg

Phe

Pro

Ala

Asp

40

Gly

Ala

Asn

Leu

Gln
120

Asp

Leu

25

Asn

Asn

Leu

Pro

Lys
105

Ala

Trp

10

Lys

Ala

Gly

Glu

Tyr
90

Glu

Lys

Leu

Pro

Arg

Leu

His

75

Leu

Asp

Lys

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Asp

Ala

Leu

45

Lys

Lys

Tyr

Ser

Leu
125

Gln

590

Val

Ile

Phe

Val

Phe

670

Glu

Thr

Glu

Arg

Asn

Pro

30

Val

Gly

Ala

Asn

Phe

110

Leu

Ala

Trp

Pro

Gly

Pro

655

Ile

Leu

Ser

Gly

Asn
735

Leu

15

Gln

Leu

Glu

Tyr

His

95

Gly

Glu

Gln

Gln

His

Met

640

Ala

Thr

Gln

Asn

Val

720

Leu

Ser

Pro

Pro

Pro

Asp

80

Ala

Gly

Pro
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101

-continued

102

Leu

Pro

145

Lys

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Gly

130

Val

Ser

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly
530

Leu

Glu

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn
515

Glu

Val

Gln

Ala

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Glu

Ser

Gln

165

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg
485
Phe

Leu

Arg

Glu

Pro

150

Pro

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Ala Ala Lys Thr Ala Pro Gly Lys Lys
135 140

Gln Glu Pro Asp Ser Ser Ala Gly Ile
155

Ala Lys Lys Arg Leu Asn Phe Gly Gln
170 175

Pro Asp Pro Gln Pro Ile Gly Glu Pro
185 190

Gly Ser Leu Thr Met Ala Ser Gly Gly
200 205

Asn Glu Gly Ala Asp Gly Val Gly Ser
215 220

Asp Ser Gln Trp Leu Gly Asp Arg Val
235

Trp Ala Leu Pro Thr Tyr Asn Asn His
250 255

Ser Thr Ser Gly Gly Ser Ser Asn Asp
265 270

Thr Pro Trp Gly Tyr Phe Asp Phe Asn
280 285

Pro Arg Asp Trp Gln Arg Leu Ile Asn
295 300

Lys Arg Leu Asn Phe Lys Leu Phe Asn
315

Asp Asn Asn Gly Val Lys Thr Ile Ala
330 335

Gln Val Phe Thr Asp Ser Asp Tyr Gln
345 350

Ala His Glu Gly Cys Leu Pro Pro Phe
360 365

Pro Gln Tyr Gly Tyr Leu Thr Leu Asn
375 380

Arg Ser Ser Phe Tyr Cys Leu Glu Tyr
395

Thr Gly Asn Asn Phe Gln Phe Ser Tyr
410 415

His Ser Ser Tyr Ala His Ser Gln Ser
425 430

Leu Ile Asp Gln Tyr Leu Tyr Tyr Leu
440 445

Gly Gln Asn Gln Gln Thr Leu Lys Phe
455 460

Met Ala Val Gln Gly Arg Asn Tyr Ile
475

Gln Arg Val Ser Thr Thr Val Thr Gln
490 495

Trp Pro Arg Ala Ser Ser Trp Ala Leu
505 510

Asn Pro Gly Pro Ala Met Ala Ser His
520 525

Phe Pro Leu Ser Gly Ser Leu Ile Phe
535 540

Arg

Gly

160

Thr

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly
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-continued

104

Lys

545

Thr

Tyr

Thr

Asp

Thr

625

Lys

Asp

Gln

Lys

Tyr

705

Tyr

Gln Gly Thr Gly Arg Asp Asn Val Asp
550

Asn Glu Glu Glu Ile Lys Thr Thr Asn
565 570

Gly Gln Val Ala Thr Asn His Gln Ser
580 585

Gly Trp Val Gln Asn Gln Gly Ile Leu
595 600

Arg Asp Val Tyr Leu Gln Gly Pro Ile
610 615

Asp Gly Asn Phe His Pro Ser Pro Leu
630

His Pro Pro Pro Gln Ile Leu Ile Lys
645 650

Pro Pro Thr Ala Phe Asn Lys Asp Lys
660 665

Tyr Ser Thr Gly Gln Val Ser Val Glu
675 680

Glu Asn Ser Lys Arg Trp Asn Pro Glu
690 695

Tyr Lys Ser Asn Asn Val Glu Phe Ala
710

Ser Glu Pro Arg Pro Ile Gly Thr Arg
725 730

<210> SEQ ID NO 16

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 16

Met

1

Glu

Lys

Gly

65

Gln

Asp

Asn

Leu

Pro
145

Lys

Ala Ala Asp Gly Tyr Leu Pro Asp Trp
5 10

Gly Ile Arg Glu Trp Trp Ala Leu Lys
20 25

Ala Asn Gln Gln His Gln Asp Asn Ala
35 40

Tyr Lys Tyr Leu Gly Pro Gly Asn Gly
50 55

Asn Ala Ala Asp Ala Ala Ala Leu Glu
70

Gln Leu Lys Ala Gly Asp Asn Pro Tyr
85 90

Ala Glu Phe Gln Glu Arg Leu Lys Glu
100 105

Leu Gly Arg Ala Val Phe Gln Ala Lys
115 120

Gly Leu Val Glu Glu Ala Ala Lys Thr
130 135

Val Glu Gln Ser Pro Gln Glu Pro Asp
150

Ser Gly Ala Gln Pro Ala Lys Lys Arg
165 170

Ala

555

Pro

Ala

Pro

Trp

Met

635

Asn

Leu

Ile

Ile

Val

715

Tyr

Leu

Pro

Arg

Leu

His

Leu

Asp

Lys

Ala

Ser

155

Leu

Asp

Val

Gln

Gly

Ala

620

Gly

Thr

Asn

Glu

Gln

700

Asn

Leu

Glu

Gly

Gly

Asp

60

Asp

Lys

Thr

Arg

Pro
140

Ser

Asn

Lys

Ala

Ala

Met

605

Lys

Gly

Pro

Ser

Trp

685

Tyr

Thr

Thr

Asp

Ala

Leu

45

Lys

Lys

Tyr

Ser

Leu
125
Gly

Ala

Phe

Val

Thr

Gln

590

Val

Ile

Phe

Val

Phe

670

Glu

Thr

Glu

Arg

Asn

Pro

30

Val

Gly

Ala

Asn

Phe

110

Leu

Lys

Gly

Gly

Met

Glu

575

Ala

Trp

Pro

Gly

Pro

655

Ile

Arg

Ser

Gly

Asn
735

Leu

15

Gln

Leu

Glu

Tyr

His

95

Gly

Glu

Lys

Ile

Gln
175

Ile

560

Ser

Gln

Gln

His

Met

640

Ala

Thr

Gln

Asn

Val

720

Leu

Ser

Pro

Pro

Pro

Asp

Ala

Gly

Pro

Arg

Gly

160

Thr
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-continued

106

Gly

Ala

Ala

Ser

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys
545
Thr

Tyr

Thr

Asp

Ala

Pro

210

Gly

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Gly

Thr

Pro

195

Val

Asn

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn

515

Glu

Gly

Glu

Gln

Trp

Glu

180

Ser

Ala

Trp

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Thr

Glu

Val
580

Val

Ser

Gly

Asp

His

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Phe

Leu

Arg

Gly

Glu
565

Ala

Gln

Val

Val

Asn

Cys

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg
550
Ile

Thr

Asn

Pro

Gly

Asn

215

Asp

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe

535

Asp

Lys

Asn

Gln

Asp

Ser

200

Glu

Ser

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro

520

Pro

Asn

Thr

His

Gly

Pro

185

Leu

Gly

Gln

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Arg

505

Gly

Leu

Val

Thr

Gln
585

Ile

Gln

Thr

Ala

Trp

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Ala

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn
570

Ser

Leu

Pro

Met

Asp

Leu

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala
555
Pro

Ala

Pro

Ile

Ala

Gly

220

Gly

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser

540

Asp

Val

Gln

Gly

Gly

Ser

205

Val

Asp

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala

525

Leu

Lys

Ala

Ala

Met

Glu

190

Gly

Gly

Arg

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Gln
590

Val

Pro

Gly

Ser

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu
575

Ala

Trp

Pro

Gly

Ser

Ile

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile
560
Ser

Gln

Gln
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107 108

-continued

595 600 605

Asp Arg Asp Val Tyr Leu Gln Gly Pro Ile Trp Ala Lys Ile Pro His
610 615 620

Thr Asp Gly Asn Phe His Pro Ser Pro Leu Met Gly Gly Phe Gly Met
625 630 635 640

Lys His Pro Pro Pro Gln Ile Leu Ile Lys Asn Thr Pro Val Pro Ala
645 650 655

Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Tyr Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 17

<211> LENGTH: 736

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV isolate

<400> SEQUENCE: 17

Met Ala Ala Asp Gly Tyr Leu Pro Asp Trp Leu Glu Asp Asn Leu Ser
1 5 10 15

Glu Gly Ile Arg Glu Trp Trp Ala Leu Lys Pro Gly Ala Pro Gln Pro
20 25 30

Lys Ala Asn Gln Gln His Gln Asp Asn Ala Arg Gly Leu Val Leu Pro
35 40 45

Gly Tyr Lys Tyr Leu Gly Pro Gly Asn Gly Leu Asp Lys Gly Glu Pro
50 55 60

Val Asn Ala Ala Asp Ala Ala Ala Leu Glu His Asp Lys Ala Tyr Asp
65 70 75 80

Gln Gln Leu Lys Ala Gly Asp Asn Pro Tyr Leu Lys Tyr Asn His Ala
85 90 95

Asp Ala Glu Phe Gln Glu Arg Leu Lys Glu Asp Thr Ser Phe Gly Gly
100 105 110

Asn Leu Gly Arg Ala Val Phe Gln Ala Lys Lys Arg Leu Leu Glu Pro
115 120 125

Leu Gly Leu Val Glu Glu Ala Ala Lys Thr Ala Pro Gly Lys Lys Arg
130 135 140

Pro Val Glu Gln Ser Pro Gln Glu Pro Asp Ser Ser Ala Gly Ile Gly
145 150 155 160

Lys Ser Gly Ala Gln Pro Ala Lys Lys Arg Leu Asn Phe Gly Gln Thr
165 170 175

Gly Asp Thr Glu Ser Val Pro Asp Pro Gln Pro Ile Gly Glu Pro Pro
180 185 190

Ala Ala Pro Ser Gly Val Gly Ser Leu Thr Met Ala Ser Gly Gly Gly
195 200 205

Ala Pro Val Ala Asp Asn Asn Glu Gly Ala Asp Gly Val Gly Ser Ser
210 215 220

Ser Gly Asn Trp His Cys Asp Ser Gln Trp Leu Gly Asp Arg Val Ile
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-continued

110

225

Thr

Tyr

Ala

Phe

Asn

305

Gln

Asn

Pro

Ala

Gly

385

Pro

Phe

Asp

Lys

465

Gly

Asn

Gly

Glu

Lys

545

Thr

Tyr

Thr

Asp

Thr
625

Lys

Thr

Lys

Tyr

His

290

Trp

Val

Leu

Tyr

Asp

370

Ser

Ser

Glu

Arg

Thr

450

Ala

Pro

Asn

Arg

Gly

530

Gln

Asn

Gly

Gly

Arg

610

Asp

His

Ser

Gln

Phe

275

Cys

Gly

Lys

Thr

Val

355

Val

Gln

Gln

Asn

Leu

435

Ile

Gly

Ser

Ser

Asn

515

Glu

Gly

Glu

Gln

Trp
595
Asp

Gly

Pro

Thr

Ile

260

Gly

His

Phe

Glu

Ser

340

Leu

Phe

Ala

Met

Val

420

Met

Asn

Pro

Tyr

Glu

500

Ser

Asp

Thr

Glu

Val

580

Val

Val

Asn

Pro

Arg

245

Ser

Tyr

Phe

Arg

Val

325

Thr

Gly

Met

Val

Leu

405

Pro

Asn

Gly

Ser

Arg

485

Ile

Leu

Arg

Gly

Glu

565

Ala

Gln

Tyr

Phe

Pro
645

230

Thr

Asn

Ser

Ser

Pro

310

Thr

Val

Ser

Ile

Gly

390

Arg

Phe

Pro

Ser

Asn

470

Gln

Ala

Met

Phe

Arg

550

Ile

Thr

Asn

Leu

His
630

Gln

Trp

Ser

Thr

Pro

295

Lys

Asp

Gln

Ala

Pro

375

Arg

Thr

His

Leu

Gly

455

Met

Gln

Trp

Asn

Phe

535

Asp

Lys

Asn

Gln

Gln
615

Pro

Ile

Ala

Thr

Pro

280

Arg

Arg

Asn

Val

His

360

Gln

Ser

Gly

Ser

Ile

440

Gln

Ala

Arg

Pro

Pro

520

Pro

Asn

Thr

His

Gly

600

Gly

Ser

Leu

Leu

Ser

265

Trp

Asp

Leu

Asn

Phe

345

Glu

Tyr

Ser

Asn

Ser

425

Asp

Asn

Val

Val

Arg

505

Gly

Leu

Val

Thr

Gln

585

Ile

Pro

Pro

Ile

Pro

250

Gly

Gly

Trp

Asn

Gly

330

Thr

Gly

Gly

Phe

Asn

410

Tyr

Gln

Gln

Gln

Ser

490

Ala

Pro

Ser

Asp

Asn

570

Ser

Leu

Ile

Leu

Lys
650

235

Thr

Gly

Tyr

Gln

Phe

315

Val

Asp

Cys

Tyr

Tyr

395

Phe

Ala

Tyr

Gln

Gly

475

Thr

Ser

Ala

Gly

Ala

555

Pro

Ala

Pro

Trp

Met
635

Asn

Tyr

Ser

Phe

Arg

300

Lys

Lys

Ser

Leu

Leu

380

Cys

Gln

His

Leu

Thr

460

Arg

Thr

Ser

Met

Ser

540

Asp

Val

Gln

Gly

Ala
620

Gly

Thr

Asn

Ser

Asp

285

Leu

Leu

Thr

Asp

Pro

365

Thr

Leu

Phe

Ser

Tyr

445

Leu

Asn

Val

Trp

Ala

525

Leu

Lys

Ala

Ala

Met
605
Lys

Gly

Pro

Asn

Asn

270

Phe

Ile

Phe

Ile

Tyr

350

Pro

Leu

Glu

Ser

Gln

430

Tyr

Lys

Tyr

Thr

Ala

510

Ser

Ile

Val

Thr

Gln

590

Val

Ile

Phe

Val

His

255

Asp

Asn

Asn

Asn

Ala

335

Gln

Phe

Asn

Tyr

Tyr

415

Ser

Leu

Phe

Ile

Gln

495

Leu

His

Phe

Met

Glu

575

Ala

Trp

Pro

Gly

Pro
655

240

Leu

Asn

Arg

Asn

Ile

320

Asn

Leu

Pro

Asp

Phe

400

Glu

Leu

Ser

Ser

Pro

480

Asn

Asn

Lys

Gly

Ile

560

Ser

Gln

Gln

His

Met
640

Ala
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Asp Pro Pro Thr Ala Phe Asn Lys Asp Lys Leu Asn Ser Phe Ile Thr
660 665 670

Gln Tyr Ser Thr Gly Gln Val Ser Val Glu Ile Glu Trp Glu Leu Gln
675 680 685

Lys Glu Asn Ser Lys Arg Trp Asn Pro Glu Ile Gln Tyr Thr Ser Asn
690 695 700

Tyr Cys Lys Ser Asn Asn Val Glu Phe Ala Val Asn Thr Glu Gly Val
705 710 715 720

Tyr Ser Glu Pro Arg Pro Ile Gly Thr Arg Tyr Leu Thr Arg Asn Leu
725 730 735

<210> SEQ ID NO 18

<211> LENGTH: 145

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 18

aggaacccct agtgatggag ttggccacte cctetetgeg cgetegeteg ctcactgagg
cegggegace aaaggtegece cgacgecegg getttgeceg ggeggectca gtgagegage
gagcgegeag agagggagtg gccaa

<210> SEQ ID NO 19

<211> LENGTH: 106

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 19

ctgegegete getegetcac tgaggecgee cgggcaaage cegggegteg ggcegaccttt
ggtcgecegyg cctcagtgag cgagcegageg cgcagagagg gagtgg

<210> SEQ ID NO 20

<211> LENGTH: 167

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 20

ctcteccece tgtegegtte getegetege tggetegttt gggggggtgyg cagcetcaaag
agctgccaga cgacggecct ctggeegteg cccccccaaa cgagcecageg agcgagcegaa
cgcgacaggyg gggagagtge cacactctca agcaaggggg ttttgta

<210> SEQ ID NO 21

<211> LENGTH: 167

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 21

tacaaaacct ccttgettga gagtgtggea ctetececcee tgtegegtte getegetege

tggctegttt gggggggtygg cagctcaaag agetgccaga cgacggeect ctggecgteg

cccccccaaa cgagecageg agcgagegaa cgegacaggg gggagag

60

120

145

60

106

60

120

167

60

120

167
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-continued

<210> SEQ ID NO 22

<211> LENGTH: 621

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: AAV2 Rep

<400> SEQUENCE: 22

Met Pro Gly Phe Tyr Glu Ile Val Ile Lys Val Pro Ser Asp Leu Asp
1 5 10 15

Glu His Leu Pro Gly Ile Ser Asp Ser Phe Val Asn Trp Val Ala Glu
20 25 30

Lys Glu Trp Glu Leu Pro Pro Asp Ser Asp Met Asp Leu Asn Leu Ile
35 40 45

Glu Gln Ala Pro Leu Thr Val Ala Glu Lys Leu Gln Arg Asp Phe Leu
50 55 60

Thr Glu Trp Arg Arg Val Ser Lys Ala Pro Glu Ala Leu Phe Phe Val
65 70 75 80

Gln Phe Glu Lys Gly Glu Ser Tyr Phe His Met His Val Leu Val Glu
Thr Thr Gly Val Lys Ser Met Val Leu Gly Arg Phe Leu Ser Gln Ile
100 105 110

Arg Glu Lys Leu Ile Gln Arg Ile Tyr Arg Gly Ile Glu Pro Thr Leu
115 120 125

Pro Asn Trp Phe Ala Val Thr Lys Thr Arg Asn Gly Ala Gly Gly Gly
130 135 140

Asn Lys Val Val Asp Glu Cys Tyr Ile Pro Asn Tyr Leu Leu Pro Lys
145 150 155 160

Thr Gln Pro Glu Leu Gln Trp Ala Trp Thr Asn Met Glu Gln Tyr Leu
165 170 175

Ser Ala Cys Leu Asn Leu Thr Glu Arg Lys Arg Leu Val Ala Gln His
180 185 190

Leu Thr His Val Ser Gln Thr Gln Glu Gln Asn Lys Glu Asn Gln Asn
195 200 205

Pro Asn Ser Asp Ala Pro Val Ile Arg Ser Lys Thr Ser Ala Arg Tyr
210 215 220

Met Glu Leu Val Gly Trp Leu Val Asp Lys Gly Ile Thr Ser Glu Lys
225 230 235 240

Gln Trp Ile Gln Glu Asp Gln Ala Ser Tyr Ile Ser Phe Asn Ala Ala
245 250 255

Ser Asn Ser Arg Ser Gln Ile Lys Ala Ala Leu Asp Asn Ala Gly Lys
260 265 270

Ile Met Ser Leu Thr Lys Thr Ala Pro Asp Tyr Leu Val Gly Gln Gln
275 280 285

Pro Val Glu Asp Ile Ser Ser Asn Arg Ile Tyr Lys Ile Leu Glu Leu
290 295 300

Asn Gly Tyr Asp Pro Gln Tyr Ala Ala Ser Val Phe Leu Gly Trp Ala
305 310 315 320

Thr Lys Lys Phe Gly Lys Arg Asn Thr Ile Trp Leu Phe Gly Pro Ala
325 330 335

Thr Thr Gly Lys Thr Asn Ile Ala Glu Ala Ile Ala His Thr Val Pro
340 345 350

Phe Tyr Gly Cys Val Asn Trp Thr Asn Glu Asn Phe Pro Phe Asn Asp
355 360 365

Cys Val Asp Lys Met Val Ile Trp Trp Glu Glu Gly Lys Met Thr Ala
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370 375 380

Lys Val Val Glu Ser Ala Lys Ala Ile Leu Gly Gly Ser Lys Val Arg
385 390 395 400

Val Asp Gln Lys Cys Lys Ser Ser Ala Gln Ile Asp Pro Thr Pro Val
405 410 415

Ile Val Thr Ser Asn Thr Asn Met Cys Ala Val Ile Asp Gly Asn Ser
420 425 430

Thr Thr Phe Glu His Gln Gln Pro Leu Gln Asp Arg Met Phe Lys Phe
435 440 445

Glu Leu Thr Arg Arg Leu Asp His Asp Phe Gly Lys Val Thr Lys Gln
450 455 460

Glu Val Lys Asp Phe Phe Arg Trp Ala Lys Asp His Val Val Glu Val
465 470 475 480

Glu His Glu Phe Tyr Val Lys Lys Gly Gly Ala Lys Lys Arg Pro Ala
485 490 495

Pro Ser Asp Ala Asp Ile Ser Glu Pro Lys Arg Val Arg Glu Ser Val
500 505 510

Ala Gln Pro Ser Thr Ser Asp Ala Glu Ala Ser Ile Asn Tyr Ala Asp
515 520 525

Arg Tyr Gln Asn Lys Cys Ser Arg His Val Gly Met Asn Leu Met Leu
530 535 540

Phe Pro Cys Arg Gln Cys Glu Arg Met Asn Gln Asn Ser Asn Ile Cys
545 550 555 560

Phe Thr His Gly Gln Lys Asp Cys Leu Glu Cys Phe Pro Val Ser Glu
565 570 575

Ser Gln Pro Val Ser Val Val Lys Lys Ala Tyr Gln Lys Leu Cys Tyr
580 585 590

Ile His His Ile Met Gly Lys Val Pro Asp Ala Cys Thr Ala Cys Asp
595 600 605

Leu Val Asn Val Asp Leu Asp Asp Cys Ile Phe Glu Gln
610 615 620

<210> SEQ ID NO 23

<211> LENGTH: 960

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 23

gcttcaggayg cagttgtgeg aatagctgga gaacaccagg ctggatttaa acccagatcg 60
ctcttacatt tgctctttac ctgctgtgct cagegttcac gtgccctcta getgtagttt 120
tctgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggyg aaaacaacaa 180
caacaaaaat ctaaatgaga atcctgactg tttcagetgyg gggtaagggyg ggcggattat 240
tcatataatt gttataccag acggtcgcag gettagtceca attgcagaga actcgettcee 300
caggcttetyg agagtcccgg aagtgectaa acctgtctaa tcegacgggge ttgggtggece 360
cgtegetece tggettette cctttaccca gggegggcag cgaagtggtyg cctectgegt 420
cceccacace ctcectecage cectececte cggeccegtece tgggcaggtyg acctggagea 480
tceggecagge tgcectggece tectgegtca ggacaacgece cacgagggge gttactgtge 540
ggagatgcac cacgcaagag acaccctttg taactctett ctecteecta gtgecgaggtt 600

aaaaccttca gccccacgtg ctgtttgecaa acctgectgt acctgaggece ctaaaaagcec 660
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agagacctca
gcaggaaact
gaatttggge
tcagtaagaa

atgtcctcaa

ctcecegggga

ctetgacttt

ctccagagaa

gtctgaatte

caattgttte

<210> SEQ ID NO 24
<211> LENGTH: 910

<212> TYPE:

DNA

gccageatgt
ggacaggtga
agagatctga
gttggaagct

taagtaggag

ccactgeggt
gccacggeag
agactgctygg
gatgagaata

aacatctgte

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 24

ctgggatggg
caaggtatca
gaggcatgaa
gagaggaaaa
cttggaaata
tgaagaattg
tgctecctgga
caggceectyg
gagagaaaag
ctgattttta
ggagacagaa
cctggeteca
gaaggggtta
gcacttagaa
atatagtaaa

tgtatatata

atgtggaatc

aaatggcaaa

gagaattcag

tgaccaagag

atgcccaagg

cagaatacat

ctcttgagat

tcatcagtag

aatggttaat

tttgaatcct

cttattgtac

tcctgeacat

dgggcaggga

gattgagaat

tgtgaatttyg

<210> SEQ ID NO 25
<211> LENGTH: 192

<212> TYPE:

DNA

cttectagatt
attgtgagta
acagaaactt
ttagcecctygyg
tatattccat
tctttaatgt
tcagtcataa
gattagggag
gttaacgtta
taaaaaaaaa
agaggaacag
agttttggtg
tctcatcagyg
ccacaaatta

cagacacatt

tettttgtaa
actatcctee
actcagacca
gcatggaatg
tctecgggat
gacctacata
agcccaggec
aagagttcte
atataactag
atttcttatg
cgtgagagte
ctgctggeaa
aaagcatagg

tattaataac

tagggaaaag

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 25

ccctaaaatg

tgaccttgga

cactcgacce

agtgtgagag

cctggaaaac ccaggcettgyg
cctgagetge tcagttaggyg
tgcttectgyg tttcataage
tccaggaagt caacagacaa

ctcggtgget ttcacaggaa

Synthetic polynucleotide

tatttataaa gtgctctcag

tttcatttty ggaagaagat

ggggaggcag aaactaagca

tgaaagaacc ctaaacgtga

ttgttggecat tttettgagg

tttacccatyg ggaggaagtce

agggaaataa tgtaagtctg

agtagaaaac agggaggctg

aaagactgca gaacttagga

aaaatagtac atggctctta

agagtgatcc cagaacaggt

tacggtccce acaactgtgyg

ggtttaaagt tctttataga

aaacaaagta gtgtcgtgtt

ttataattaa aaaaataggc

Synthetic polynucleotide

ggcaaacatt gcaagcagca aacagcaaac acacagccct cectgectge

getggggeag aggtcagaga cctetetggg cccatgecac ctecaacatce

cttggaattt cggtggagag gagcagaggt tgtectggeg tggtttaggt

g9

<210> SEQ ID NO 26
<211> LENGTH: 255

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 26

Synthetic polynucleotide

720

780

840

900

960

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

910

60

120

180

192
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aatgactcct tteggtaagt gcagtggaag ctgtacactg cccaggcaaa

agcgtaggeg ggcgactcag atcccageca gtggacttag cccectgtttg

aactggggtyg accttggtta atattcacca gecagectece cegttgeccce

ctgcttaaat acggacgagg acagggecct gtctectcag cttcaggcac

ctgggacagt gaatc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 27

LENGTH: 448

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

SEQUENCE: 27

ccctaaaatyg ggcaaacatt gcaagcagca aacagcaaac acacagccct

tgaccttgga gctggggcag aggtcagaga cctetetggg cccatgecac

cactcgacce cttggaattt cggtggagag gagcagaggt tgtcctggeg

agtgtgagag gggaatgact ccttteggta agtgcagtgg aagctgtaca

aaagcgteceg ggcagegtag gegggegact cagatcccag ccagtggact

ttgctectee gataactggg gtgaccttgg ttaatattca ccagcagect

ccctetggat ccactgetta aatacggacg aggacaggge cctgtcetect

caccaccact gacctgggac agtgaatc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 28

LENGTH: 1356

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

SEQUENCE: 28

atgtccaccg ctgtgetgga gaaccctggg ctggggagga aactgtcaga

gagacttcat acattgagga taactgtaac cagaatggeg ccatctctet

ctgaaggagg aagtgggege cctggcaaag gtgcetgegece tgtttgagga

aatctgacce acatcgagte ccggecttet agactgaaga aggacgagta

acccacctgg ataageggte cctgecagec ctgacaaaca tcatcaagat

gacatcggag caaccgtgca cgagctgtcet cgggacaaga agaaggatac

ttcectegga caatccagga gotggataga tttgccaace agatcctgte

gagctggacg cagatcaccce tggcttcaag gacccagtgt ategggeceg

tttgccgata tcgectacaa ttataggcac ggacagccaa tccctegegt

gaggaggaga agaagacctg gggcacagtg ttcaagacce tgaagagect

cacgcctget acgagtataa ccacatctte ccectgetgg agaagtattg

gaggacaata tccctcaget ggaggacgtg agccagttee tgcagacctg

aggctgagge cagtggcagg actgetgage tecegggact tectgggagg

agagtgttte actgcaccca gtacatcagg cacggctcca agccaatgta

ccegacatet gtcacgaget getgggecac gtgecectgt ttagegatag

cagttttecce aggagatcgg actggeatct ctgggagcac ctgacgagta

gegteeggge
ctcctecgat
tctggatceca

caccactgac

cecctgectyge

ctccaacatce

tggtttaggt

ctgecccagge

tagccectgt

cceceegttyge

cagcttcagyg

cttegggeag

gatcttcage

gaacgacgtg

cgagttettt

cctgaggeac

cgtgeectygy

ttacggagca

gagaaagcag

ggagtatatg

gtacaagaca

tggctttcac

cacaggcttt

actggectte

tacaccagag

atccttegee

catcgagaag

60

120

180

240

255

60

120

180

240

300

360

420

448

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960
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ctggccacca tctattggtt cacagtggag tttggectgt gecaagecaggg cgatagcatce
aaggcctacg gagcaggact getgtctage tteggegage tgcagtattg tcetgtccgag
aagccaaagce tgctgeccct ggagetggag aagaccgcca tccagaacta caccgtgaca
gagttccage ccctgtacta tgtggecgag tcettttaacg atgccaagga gaaggtgaga
aatttcgeeg ccacaatccee taggecctte agtgtgegtt acgacectta tacccagagg
atcgaggtge tggataatac acagcagetg aagatcetgg ctgactcaat caatagcgaa
atcggaatce tgtgcteege cctgcagaaa atcaaa

<210> SEQ ID NO 29

<211> LENGTH: 93

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 29

ctctaaggta aatataaaat ttttaagtgt ataatgtgtt aaactactga ttctaattgt
ttctectettt tagattccaa cctttggaac tga

<210> SEQ ID NO 30

<211> LENGTH: 26

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 30

ctgacctett ctettectee cacagg

<210> SEQ ID NO 31

<211> LENGTH: 198

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 31

gatccagaca tgataagata cattgatgag tttggacaaa ccacaactag aatgcagtga
aaaaaatgct ttatttgtga aatttgtgat gctattgett tatttgtaac cattataage
tgcaataaac aagttaacaa caacaattgce attcatttta tgtttcaggt tcagggggag
gtgtgggagg ttttttaa

<210> SEQ ID NO 32

<211> LENGTH: 143

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 32

aggaacccct agtgatggag ttggccacte cctetetgeg cgetegeteg ctcactgagg
cegggegace aaaggtegece cgacgecegg getttgeceg ggeggectca gtgagegage
gagcgcgeag agagggagtg gcc

<210> SEQ ID NO 33

<211> LENGTH: 452

<212> TYPE: PRT
<213> ORGANISM: Homo sapiens

1020

1080

1140

1200

1260

1320

1356

60

93

26

60

120

180

198

60

120

143
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<400> SEQUENCE: 33

Met Ser Thr Ala Val Leu Glu Asn Pro Gly Leu Gly Arg Lys Leu Ser
1 5 10 15

Asp Phe Gly Gln Glu Thr Ser Tyr Ile Glu Asp Asn Cys Asn Gln Asn
20 25 30

Gly Ala Ile Ser Leu Ile Phe Ser Leu Lys Glu Glu Val Gly Ala Leu
35 40 45

Ala Lys Val Leu Arg Leu Phe Glu Glu Asn Asp Val Asn Leu Thr His
50 55 60

Ile Glu Ser Arg Pro Ser Arg Leu Lys Lys Asp Glu Tyr Glu Phe Phe
65 70 75 80

Thr His Leu Asp Lys Arg Ser Leu Pro Ala Leu Thr Asn Ile Ile Lys
85 90 95

Ile Leu Arg His Asp Ile Gly Ala Thr Val His Glu Leu Ser Arg Asp
100 105 110

Lys Lys Lys Asp Thr Val Pro Trp Phe Pro Arg Thr Ile Gln Glu Leu
115 120 125

Asp Arg Phe Ala Asn Gln Ile Leu Ser Tyr Gly Ala Glu Leu Asp Ala
130 135 140

Asp His Pro Gly Phe Lys Asp Pro Val Tyr Arg Ala Arg Arg Lys Gln
145 150 155 160

Phe Ala Asp Ile Ala Tyr Asn Tyr Arg His Gly Gln Pro Ile Pro Arg
165 170 175

Val Glu Tyr Met Glu Glu Glu Lys Lys Thr Trp Gly Thr Val Phe Lys
180 185 190

Thr Leu Lys Ser Leu Tyr Lys Thr His Ala Cys Tyr Glu Tyr Asn His
195 200 205

Ile Phe Pro Leu Leu Glu Lys Tyr Cys Gly Phe His Glu Asp Asn Ile
210 215 220

Pro Gln Leu Glu Asp Val Ser Gln Phe Leu Gln Thr Cys Thr Gly Phe
225 230 235 240

Arg Leu Arg Pro Val Ala Gly Leu Leu Ser Ser Arg Asp Phe Leu Gly
245 250 255

Gly Leu Ala Phe Arg Val Phe His Cys Thr Gln Tyr Ile Arg His Gly
260 265 270

Ser Lys Pro Met Tyr Thr Pro Glu Pro Asp Ile Cys His Glu Leu Leu
275 280 285

Gly His Val Pro Leu Phe Ser Asp Arg Ser Phe Ala Gln Phe Ser Gln
290 295 300

Glu Ile Gly Leu Ala Ser Leu Gly Ala Pro Asp Glu Tyr Ile Glu Lys
305 310 315 320

Leu Ala Thr Ile Tyr Trp Phe Thr Val Glu Phe Gly Leu Cys Lys Gln
325 330 335

Gly Asp Ser Ile Lys Ala Tyr Gly Ala Gly Leu Leu Ser Ser Phe Gly
340 345 350

Glu Leu Gln Tyr Cys Leu Ser Glu Lys Pro Lys Leu Leu Pro Leu Glu
355 360 365

Leu Glu Lys Thr Ala Ile Gln Asn Tyr Thr Val Thr Glu Phe Gln Pro
370 375 380

Leu Tyr Tyr Val Ala Glu Ser Phe Asn Asp Ala Lys Glu Lys Val Arg
385 390 395 400

Asn Phe Ala Ala Thr Ile Pro Arg Pro Phe Ser Val Arg Tyr Asp Pro
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405

410

415

Tyr Thr Gln Arg Ile Glu Val Leu Asp Asn Thr Gln Gln Leu Lys Ile

420

425

430

Leu Ala Asp Ser Ile Asn Ser Glu Ile Gly Ile Leu Cys Ser Ala Leu

435

Gln Lys Ile Lys

450

<210> SEQ ID NO 34
<211> LENGTH: 122

<212> TYPE:

DNA

440

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 34

445

Synthetic polynucleotide

aacttgttta ttgcagctta taatggttac aaataaagca atagcatcac aaatttcaca

aataaagcat ttttttcact geattctagt tgtggtttgt ccaaactcat caatgtatct

ta

<210> SEQ ID NO 35
<211> LENGTH: 133

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 35

Synthetic polynucleotide

tgctttattt gtgaaatttg tgatgctatt getttatttg taaccattat aagctgcaat

aaacaagtta acaacaacaa ttgcattcat tttatgtttc aggttcaggg ggaggtgtgg

gaggtttttt

aaa

<210> SEQ ID NO 36
<211> LENGTH: 1676

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 36

ggcattgatt

catatatgga

acgacccecg

ctttccattyg

aagtgtatca

ggcattatge

tagtcatcge

cceecceccecte

tggg9gcggg

dcggggegayg

cttttatgge

gagtcgctge

ceceggetetyg

attgactagt

gttecgegtt

cccattgacyg

acgtcaatgg

tatgccaagt

ccagtacatg

tattaccatg

cccaccecea

9999999999

geggagaggt

gaggceggegy

gegetgectt

actgaccgeg

tattaatagt

acataactta

tcaataatga

gtggagtatt

cecgeceecta

accttacggyg

gtcgaggtga

attttgtatt

dggcegegege

dcggeggeayg

¢ggeggegge

cgececcegtge

ttactcccac

aatcaattac

cggtaaatgg

cgtatgttee

tacggtaaac

ttgacgtcaa

actttcctac

gecccacgtt

tatttatttt

caggegggge

ccaatcagag

cctataaaaa

cecegeteege

aggtgagegg

Synthetic polynucleotide

ggggtcatta

ccegectgge

catagtaacg

tgcccactty

tgacggtaaa

ttggcagtac

ctgcetteact

ttaattattt

dgggceggyggce

cggegegete

gcgaagegceg

cgecegecteg

gcgggacgge

gttcatagce

tgaccgceca

ccaataggga

gcagtacatc

tggccegect

atctacgtat

ctcecccatcet

tgtgcagcga

daggggceggg

cgaaagttte

¢ggcgggegy

cgeegeccge

ccttectecte

60

120

122

60

120

133

60

120

180

240

300

360

420

480

540

600

660

720

780
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cgggctgtaa ttagegettg gtttaatgac ggettgttte ttttetgtgg ctgcgtgaaa 840
gecttgaggg gctecgggag ggccctttgt geggggggag cggcetcgggg ggtgcgtgeg 900
tgtgtgtgtyg cgtggggage gecgegtgeg getcegeget geceggegge tgtgageget 960
gegggegegg cgeggggett tgtgegetce geagtgtgeg cgaggggagce gcggcecgggyg 1020
geggtgccee geggtgeggg gggggctgcg aggggaacaa aggctgcegtg cggggtgtgt 1080
gegtgggggy gtgagcaggg ggtgtgggeyg cgteggtegg getgcaaccce ccectgeace 1140
ccectecceg agttgctgag cacggceccgg cttegggtge ggggctceccegt acggggegtg 1200
gegegggget cgeegtgecg ggeggggggt ggcggcaggt gggggtgceg ggcggggcegy 1260
ggecgecteg ggecggggag ggcteggggg aggggegegg cggcecccecgg agcegceceggceyg 1320
gctgtcgagg cgcggcgage cgcagccatt gecttttatg gtaatcgtgce gagagggcegce 1380
agggacttcce tttgtcccaa atctgtgcgg agccgaaatc tgggaggcgce cgccgcaccce 1440
cctetagegg gegeggggeg aageggtgeg gegccggceag gaaggaaatg ggeggggagy 1500
geccttegtge gtegecgege cgecgtecce ttcetecectet ccagectegg ggetgtecge 1560
ggggggacgg ctgecttegg gggggacggg gcagggceggg gttceggette tggegtgtga 1620
ccggceggete tagagcecctcet gctaaccatg ttcatgectt cttcettttte ctacag 1676
<210> SEQ ID NO 37
<211> LENGTH: 960
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 37
gettcaggag cagttgtgeg aatagetgga gaacaccagg ctggatttaa acccagateg 60
ctcttacatt tgctctttac ctgctgtgct cagegttcac gtgccctcta getgtagttt 120
tctgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggg aaaacaacaa 180
caacaaaaat ctaaatgaga atcctgactg tttcagetgg gggtaagggg ggceggattat 240
tcatataatt gttataccag acggtcgecag gettagtcca attgcagaga actcgettece 300
caggcttetyg agagtccecgg aagtgectaa acctgtetaa tegacgggge ttgggtggece 360
cgtegetece tggettette cctttaccca gggegggeag cgaagtggtyg cctectgegt 420
ccececacace cteecteage cectecccte cggecegtece tgggcaggtyg acctggagea 480
tceggcagge tgccctggece tectgegtea ggacaacgece cacgagggge gttactgtge 540
ggagatgcac cacgcaagag acaccctttyg taactctett ctecteccta gtgegaggtt 600
aaaaccttca gccccacgtg ctgtttgecaa acctgectgt acctgaggece ctaaaaagcec 660
agagacctca ctccegggga gecagcatgt ccactgeggt cetggaaaac ccaggettgg 720
gcaggaaact ctctgacttt ggacaggtga gccacggcag cctgagetge tcagttaggg 780
gaatttggge ctccagagaa agagatccga agactgetgg tgettectgg tttcataage 840
tcagtaagaa gtctgaatte gttggaaget gatgagaata tccaggaagt caacagacaa 900
atgtcctcaa caattgttte taagtaggag aacatctgte cteggtgget ttcacaggaa 960

<210> SEQ ID NO 38
<211> LENGTH: 911

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

Synthetic polynucleotide
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<400> SEQUENCE: 38
ctgggatggg atgtggaatc cttctagatt tcettttgtaa tatttataaa gtgctctcag 60
caaggtatca aaatggcaaa attgtgagta actatcctee tttcattttg ggaagaagat 120
gaggcatgaa gagaattcag acagaaactt actcagacca ggggaggcag aaactaagca 180
gagaggaaaa tgaccaagag ttagccctgg gcatggaatg tgaaagaacc ctaaacgtga 240
cttggaaata atgcccaagg tatattccat tcetccgggat ttgttggeat tttettgagg 300
tgaagaattg cagaatacat tctttaatgt gacctacata tttacccatg ggaggaagtce 360
tgctectgga ctcttgagat tcagtcataa ageccaggece agggaaataa tgtaagtcetg 420
caggcccctyg tcatcagtag gattagggag aagagttcte agtagaaaac agggaggctg 480
gagagaaaag aatggttaat gttaacgtta atataactag aaagactgca gaacttagga 540
ctgattttta tttgaatcct taaaaaaaaa aatttcttat gaaaatagta catggctctt 600
aggagacaga acttattgta cagaggaaca gcgtgagagt cagagtgatc ccagaacagg 660
tcetggetee atcctgcaca tagttttggt getgetggea atacggtcecce cacaactgtg 720
ggaaggggtt aggggcaggg atctcatcag gaaagcatag gggtttaaag ttctttatag 780
agcacttaga agattgagaa tccacaaatt atattaataa caaacaaagt agtgtcgtgt 840
tatatagtaa atgtgaattt gcagacacat ttagggaaaa gttataatta aaaaaatagg 900
ctgtatatat a 911
<210> SEQ ID NO 39
<211> LENGTH: 1168
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 39
cgtgaggete cggtgecegt cagtgggcag agegcacate geccacagtce cccgagaagt 60
tggggggagyg ggtcggcaat tgaaccggtyg cctagagaag gtggcgceggyg gtaaactggg 120
aaagtgatgt cgtgtactgg ctccgecttt tteccgaggyg tgggggagaa ccgtatataa 180
gtgcagtagt cgccgtgaac gttcetttttce gcaacgggtt tgccgcecaga acacaggtaa 240
gtgcegtgtyg tggttecccge gggectggece tetttacggg ttatggecct tgegtgectt 300
gaattacttc cacctggcte cagtacgtga ttcecttgatce cgagetggag ccaggggegy 360
gecttgeget ttaggagcece cttegecteg tgcttgagtt gaggectgge ctgggegetg 420
gggecgecege gtgegaatct ggtggcacct tegegectgt ctegetgett tegataagtce 480
tctagccatt taaaattttt gatgacctgce tgcgacgcett tttttectgge aagatagtct 540
tgtaaatgeg ggccaggatc tgcacactgg tattteggtt tttggggecyg cgggeggcga 600
cggggecegt gegteccage gecacatgtte ggegaggegyg ggectgcegag cgcggecace 660
gagaatcgga cgggggtagt ctcaagetgg ccggectget ctggtgectg gectegegee 720
geegtgtate geccegecoct gggeggcaag getggeccgg teggcaccag ttgegtgage 780
ggaaagatgyg ccgcttcceg gecctgetece agggggctca aaatggagga cgeggcegetce 840
gggagagcgyg gcgggtgagt cacccacaca aaggaaaggg gecttteegt cctcageegt 900
cgettecatgt gactccacgg agtaccggge gecgtcecagg cacctegatt agttcetggag 960
cttttggagt acgtcgtcectt taggttgggg ggaggggttt tatgcgatgg agtttcecccca 1020
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cactgagtgg gtggagactg aagttaggcc agcttggcac ttgatgtaat tcectceccttgga 1080
atttgcectt tttgagtttg gatcttggtt cattctcaag cctcagacag tggttcaaag 1140

tttttttett ccatttcagg tgtcgtga 1168

<210> SEQ ID NO 40

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 40
agatctggca gcggagaggg cagaggaagt cttctaacat geggtgacgt ggaggagaat 60

cceggececta gg 72

<210> SEQ ID NO 41

<211> LENGTH: 95

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 41

cctetgetaa ccatgttcat gecttettet ttttectaca getectggge aacgtgetgg 60
ttattgtgct gtctcatcat tttggcaaag aattc 95
<210> SEQ ID NO 42

<211> LENGTH: 1873

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 42

gatcttcaat attggccatt agccatatta ttcattggtt atatagcata aatcaatatt 60
ggctattggc cattgcatac gttgtatcta tatcataata tgtacattta tattggctca 120
tgtccaatat gaccgccatg ttggcattga ttattgacta gttattaata gtaatcaatt 180
acggggtcat tagttcatag cccatatatg gagttccgeg ttacataact tacggtaaat 240
ggeeccgectyg getgaccgee caacgacccee cgeccattga cgtcaataat gacgtatgtt 300
cccatagtaa cgccaatagg gacttteccat tgacgtcaat gggtggagta tttacggtaa 360
actgcccact tggcagtaca tcaagtgtat catatgccaa gtccgcccee tattgacgte 420
aatgacggta aatggcccge ctggcattat geccagtaca tgaccttacyg ggactttect 480
acttggcagt acatctacgt attagtcatc gectattacca tggtcgaggt gagccccacg 540
ttectgcttca ctcteccecat cteccceccce tceeccaccce caattttgta tttatttatt 600

ttttaattat tttgtgcagc gatgggggcyg 9999999999 99gggcgcge gcecaggceggy 660

geggggceggyg gcegaggggcg gggcggggcg aggcggagag gtgcggcegge agccaatcag 720

agcggegege tccgaaagtt tecttttatg gegaggegge ggeggeggeg gcecctataaa 780
aagcgaageg cgoeggeggge gggagteget gegacgetge cttegeceeg tgecccegete 840
cgeegecgee tegegeagee cgeccegget ctgactgace gegttactcee cacaggtgag 900
cgggegggac ggcccttete cteegggetyg taattagege ttggtttaat gacggettgt 960

ttettttetg tggctgegtyg aaagecttga ggggctecegg gagggcecctt tgtgceggggg 1020

ggageggete ggggggtgeg tgcgtgtgtg tgtgegtggg gagcegecgeg tgcggeccge 1080
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gctgecegge ggctgtgage gctgecgggeg cggcecgegggyg ctttgtgege tcecegcagtgt 1140
gegegagggg agegceggecg ggggeggtge cccgeggtge gggggggget gcgaggggaa 1200
caaaggctge gtgcggggtg tgtgegtggg ggggtgagca gggggtgtgg gegeggeggt 1260
cgggctgtaa ccceccecectyg caccceecte cecgagttge tgagcacgge cceggettegg 1320
gtgcgggget ccgtacgggg cgtggcgegg ggctegecgt gecgggeggg gggtggegge 1380
aggtgggggt gccgggcggyg gceggggcecge ctegggecgg ggagggctceg ggggaggggce 1440
geggeggeee ccggagcegee ggceggetgte gaggcegegge gagccgcagce cattgecttt 1500
tatggtaatc gtgcgagagg gcgcagggac ttcecctttgte ccaaatctgt geggagccga 1560
aatctgggag gcgecgecge accccecteta gegggegegyg ggcgaagegyg tgcggegecyg 1620
gcaggaagga aatgggcggg gagggectte gtgegtegece gegecgecegt ceecttetece 1680
ctetecagee teggggetgt ccgcegggggg acggetgect teggggggga cggggcaggyg 1740
cggggttegg cttetggegt gtgaccggceg gctctagage ctctgctaac catgttcatg 1800
ccttettett tttectacag ctectgggca acgtgctggt tattgtgctg tetcatcatt 1860
ttggcaaaga att 1873
<210> SEQ ID NO 43
<211> LENGTH: 4046
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 43
gcttcaggayg cagttgtgeg aatagctgga gaacaccagg ctggatttaa acccagatcg 60
ctcttacatt tgctctttac ctgctgtgct cagegttcac gtgccctcta getgtagttt 120
tctgaagtca gcgcacagca aggcagtgtg cttagaggtt aacagaaggyg aaaacaacaa 180
caacaaaaat ctaaatgaga atcctgactg tttcagetgyg gggtaagggyg ggcggattat 240
tcatataatt gttataccag acggtcgcag gettagtceca attgcagaga actcgettcee 300
caggcttetyg agagtcccgg aagtgectaa acctgtctaa tcegacgggge ttgggtggece 360
cgtegetece tggettette cctttaccca gggegggcag cgaagtggtyg cctectgegt 420
cceccacace ctcectecage cectececte cggeccegtece tgggcaggtyg acctggagea 480
tceggecagge tgcectggece tectgegtca ggacaacgece cacgagggge gttactgtge 540
ggagatgcac cacgcaagag acaccctttg taactctett ctecteecta gtgecgaggtt 600
aaaaccttca gccccacgtg ctgtttgecaa acctgcectgt acctgaggece ctaaaaagcce 660
agagacctca ctcecegggga gecagcatgt ccactgeggt cctggaaaac ccaggettgg 720
gcaggaaact ctctgacttt ggacaggtga gccacggcag cctgagetge tcagttaggg 780
gaatttggge ctccagagaa agagatctga agactgetgg tgcttectgg tttcataage 840
tcagtaagaa gtctgaattc gttggaagcet gatgagaata tccaggaagt caacagacaa 900
atgtcctcaa caattgtttc taagtaggag aacatctgte cteggtgget ttcacaggaa 960
ccctaaaatyg ggcaaacatt gcaagcagca aacagcaaac acacagccct ccctgectge 1020
tgaccttgga gctggggcag aggtcagaga cctcectcectggg cccatgccac ctceccaacatce 1080
cactcgacce cttggaattt cggtggagag gagcagaggt tgtcctggeg tggtttaggt 1140
agtgtgagag gggaatgact cctttcggta agtgcagtgg aagctgtaca ctgcccaggce 1200
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aaagcgtceceg ggcagegtag gegggcgact cagatcccag ccagtggact tageccctgt 1260
ttgctectee gataactggg gtgaccttgg ttaatattca ccagcagcct ccccegttge 1320
ccetetggat ccactgctta aatacggacg aggacagggce cctgtcectcecect cagcettcagg 1380
caccaccact gacctgggac agtgaatcct ctaaggtaaa tataaaattt ttaagtgtat 1440
aatgtgttaa actactgatt ctaattgttt ctctctttta gattccaacc tttggaactg 1500
accgecacca tgtccaccge tgtgctggag aaccctggge tggggaggaa actgtcagac 1560
ttcgggcagg agacttcata cattgaggat aactgtaacc agaatggcgce catctcectcetg 1620
atcttcagcce tgaaggagga agtgggcgcce ctggcaaagg tgctgecgcect gtttgaggag 1680
aacgacgtga atctgaccca catcgagtcce cggcecttceta gactgaagaa ggacgagtac 1740
gagttcttta cccacctgga taagcggtcce ctgccagcec tgacaaacat catcaagatc 1800
ctgaggcacg acatcggagce aaccgtgcac gagetgtcete gggacaagaa gaaggatace 1860
gtgcecctggt tcececctecggac aatccaggag ctggatagat ttgccaacca gatcctgtcet 1920
tacggagcag agctggacgc agatcaccct ggettcaagyg acccagtgta tcegggeccgg 1980
agaaagcagt ttgccgatat cgcctacaat tataggcacg gacagccaat ccctcegegtg 2040
gagtatatgyg aggaggagaa gaagacctgg ggcacagtgt tcaagaccct gaagagcctg 2100
tacaagacac acgcctgcta cgagtataac cacatcttecc cecctgctgga gaagtattgt 2160
ggctttcacg aggacaatat ccctcagetg gaggacgtga gccagttect gcagacctge 2220
acaggcttta ggctgaggcc agtggcagga ctgctgagcet cccgggactt cctgggagga 2280
ctggccttca gagtgtttca ctgcacccag tacatcaggc acggctccaa gccaatgtat 2340
acaccagagc ccgacatctg tcacgagctg ctgggccacg tgccecctgtt tagcgataga 2400
tcettegece agttttceceoca ggagatcgga ctggcatcecte tgggagcacce tgacgagtac 2460
atcgagaagc tggccaccat ctattggttc acagtggagt ttggcctgtg caagcagggce 2520
gatagcatca aggcctacgg agcaggactg ctgtctaget tcggcgagcet gcagtattgt 2580
ctgtccgaga agccaaagct getgccectg gagetggaga agaccgccat ccagaactac 2640
accgtgacag agttccagcecc cctgtactat gtggccgagt cttttaacga tgccaaggag 2700
aaggtgagaa atttcgccgce cacaatccct aggcccttca gtgtgegtta cgacccttat 2760
acccagagga tcgaggtgct ggataataca cagcagctga agatcctggce tgactcaatce 2820
aatagcgaaa tcggaatcct gtgctcecgce ctgcagaaaa tcaaatgaga attcaaggcce 2880
tctcgagect ctagaactat agtgagtcgt attacgtaga tccagacatg ataagataca 2940
ttgatgagtt tggacaaacc acaactagaa tgcagtgaaa aaaatgcttt atttgtgaaa 3000
tttgtgatgc tattgcttta tttgtaacca ttataagctg caataaacaa gttaacaaca 3060
acaattgcat tcattttatg tttcaggttc agggggaggt gtgggaggtt ttttaagcectt 3120
tacgtacgat cgtcgactgg gatgggatgt ggaatccttc tagatttctt ttgtaatatt 3180
tataaagtgc tctcagcaag gtatcaaaat ggcaaaattg tgagtaacta tcctccttte 3240
attttgggaa gaagatgagg catgaagaga attcagacag aaacttactc agaccagggg 3300
aggcagaaac taagcagaga ggaaaatgac caagagttag ccctgggcat ggaatgtgaa 3360
agaaccctaa acgtgacttg gaaataatgc ccaaggtata ttccattcte cgggatttgt 3420
tggcattttc ttgaggtgaa gaattgcaga atacattctt taatgtgacc tacatattta 3480
cccatgggag gaagtctget cctggactct tgagattcag tcataaagcc caggccaggg 3540
aaataatgta agtctgcagg cccctgtcat cagtaggatt agggagaaga gttctcagta 3600
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138

gaaaacaggg aggctggaga gaaaagaatg gttaatgtta acgttaatat

actgcagaac ttaggactga tttttatttg aatccttaaa aaaaaaattt

tagtacatgg ctcttaggag acagaactta ttgtacagag gaacagcegtg

tgatcccaga acaggtcctg getccatcect gecacatagtt ttggtgetge

gtccccacaa ctgtgggaag gggttagggg cagggatcte atcaggaaag

taaagttctt tatagagcac ttagaagatt gagaatccac aaattatatt

aaagtagtgt cgtgttatat agtaaatgtg aatttgcaga cacatttagg

aattaaaaaa ataggctgta tatata

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 44
LENGTH: 913

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

SEQUENCE: 44

ggcatcctaa aaaatattca gtggaaacgt aaaaacatta aagactgatt

gecatgacaca gatttagcaa ctgagcataa ataatttgac tcggatactg

cgaagaggac caatttctte caggaggaca actacctegt cctcetgcaga

cggcagetga aggagtgtgg ccaatctgec tccacctece cgeggaccece

gacctectge agcaccccaa actggaagtg gecgetgcag acccaaggac

cgggagccgg cagccctagt ggageggttg gagatgttga ggtgggaggg

ggggtgaggc tggggtaggt agcggagtga angCttCCg aagctctggg

gttggactaa gcaggcgcte tgtcttegee ccegeccagg gtgggegtet

ccecegecaca cctgaccecga gaccgegege ccagectaga acgcetteccce

agggccgccyg cgactggcgg gcgagggtcg gcgggaggcc tggcgaaccc

ccaggeggge aaggcccgge tgecgeageg cegetetgeg cgaggegget

ggagggatac ggcgcaccat atatatatcg cggggcgcag actcgegetc

getgggagtyg tegtggacge cgtgcegtta ctegtagtea ggeggeggeg

cggeggeata gcgcacageg cgecttagea gcagcageag cagcagegge

ccececgeaegt cgcagecccoe gogetggtge agecacccte getcectetg

cttegetege acc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 45
LENGTH: 4452

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

SEQUENCE: 45

ttggccacte cctetetgeg cgetegeteg ctcactgagg cegggegace

cgacgecegg getttgeceg ggeggectca gtgagegage gagegegeag

gccaactcca tcactagggg ttectggagyg ggtggagteg tgacgtgaat

ggttagggag gtcctgcata tgcggecget tcaggagcag ttgtgegaat

caccaggctyg gatttaaacce cagatcgete ttacatttge tetttacctg

aactagaaag
cttatgaaaa
agagtcagag
tggcaatacyg
cataggggtt
aataacaaac

gaaaagttat

aaacatcgca

ctccaaaatce

ccectetect

ctactctcag

daggggeacg

tcacccaggt

cecgececcag

cctgaggact

gacccagegt

dggggeggga

cegecgegge

cggcagtggt

caggeggegy

atcggaggta

ctcttectee

aaaggtcgee

agagggagtg

tacgtcatag

agctggagaa

ctgtgcetceag

3660

3720

3780

3840

3900

3960

4020

4046

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

913

60

120

180

240

300
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cgttcacgtg ccctctaget gtagttttet gaagtcageg cacagcaagyg cagtgtgett 360
agaggttaac agaagggaaa acaacaacaa caaaaatcta aatgagaatc ctgactgttt 420
cagcetggggg taaggggggce ggattattca tataattgtt ataccagacyg gtcgcaggcet 480
tagtccaatt gcagagaact cgcttcccag gettetgaga gteccggaag tgcctaaace 540
tgtctaateg acggggettyg ggtggecegt cgetccectgg cttettecect ttacccaggg 600
cgggcagcega agtggtgect cctgegtece cecacacccte cctecageccee tccectecegg 660
ccegtectgg gcaggtgace tggagcatce ggcaggetge ccetggectece tgcgtcagga 720
caacgcccac gaggggegtt actgtgegga gatgcaccac gcaagagaca ccctttgtaa 780
ctetettete ctcectagtyg cgaggttaaa accttcagec ccacgtgetyg tttgcaaacce 840
tgcctgtace tgaggcccta aaaagccaga gacctcacte ceggggagece agcatgtcca 900
ctgcggtect ggaaaaccca ggcttgggea ggaaactcte tgactttgga caggtgagece 960
acggcagcct gagctgctca gttaggggaa tttgggectce cagagaaaga gatctgaaga 1020
ctgctggtge ttcecctggttt cataagctca gtaagaagtc tgaattcgtt ggaagctgat 1080
gagaatatcc aggaagtcaa cagacaaatg tcctcaacaa ttgtttctaa gtaggagaac 1140
atctgtecte ggtggcttte acaggaaccce taaaatgggc aaacattgca agcagcaaac 1200
agcaaacaca cagccctece tgecctgetga cettggaget ggggcagagyg tcagagacct 1260
ctectgggecce atgccaccte caacatccac tcgaccectt ggaatttcgg tggagaggag 1320
cagaggttgt cctggcgtgg tttaggtagt gtgagagggg aatgactcct ttcggtaagt 1380
gcagtggaag ctgtacactg cccaggcaaa gcgtceggge agegtaggeg ggcgactcag 1440
atcccagecca gtggacttag cccctgtttg ctecteccgat aactggggtg accttggtta 1500
atattcacca gcagcctcecee cegttgecce tctggatcca ctgcttaaat acggacgagg 1560
acagggccct gtctectcag cttcaggcac caccactgac ctgggacagt gaatcctcta 1620
aggtaaatat aaaattttta agtgtataat gtgttaaact actgattcta attgtttctc 1680
tcttttagat tccaaccttt ggaactgacc gccaccatgt ccaccgctgt getggagaac 1740
cctgggetgg ggaggaaact gtcagacttce gggcaggaga cttcatacat tgaggataac 1800
tgtaaccaga atggcgccat ctctctgatce ttcagcctga aggaggaagt gggcgccctg 1860
gcaaaggtgc tgcgcectgtt tgaggagaac gacgtgaatc tgacccacat cgagtcccgg 1920
ccttctagac tgaagaagga cgagtacgag ttcectttaccce acctggataa geggtcececctg 1980
ccageectga caaacatcat caagatcctg aggcacgaca tceggagcaac cgtgcacgag 2040
ctgtcteggg acaagaagaa ggataccgtg ccctggttece ctcecggacaat ccaggagcetg 2100
gatagatttg ccaaccagat cctgtcttac ggagcagagc tggacgcaga tcaccctggce 2160
ttcaaggacc cagtgtatcg ggcccggaga aagcagtttg ccgatatcge ctacaattat 2220
aggcacggac agccaatccce tcgcegtggag tatatggagyg aggagaagaa gacctgggge 2280
acagtgttca agaccctgaa gagcctgtac aagacacacg cctgctacga gtataaccac 2340
atcttcecece tgctggagaa gtattgtgge tttcacgagg acaatatccce tcagcetggag 2400
gacgtgagcc agttcctgca gacctgcaca ggctttaggce tgaggccagt ggcaggactg 2460
ctgagctecce gggacttect gggaggactg gccttcagag tgtttcactg cacccagtac 2520
atcaggcacg gctccaagec aatgtataca ccagagcccg acatctgtca cgagetgetg 2580
ggccacgtge ccecctgtttag cgatagatcce ttcgecccagt tttcecccagga gatcggactg 2640
gcatctctgg gagcacctga cgagtacatc gagaagctgg ccaccatcta ttggttcaca 2700
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gtggagtttyg gcctgtgcaa gcagggcgat agcatcaagg cctacggagc aggactgcetg 2760
tctagetteg gecgagctgca gtattgtcectg tccgagaage caaagctgcet geccctggag 2820
ctggagaaga ccgccatcca gaactacacce gtgacagagt tccagcccct gtactatgtg 2880
gccgagtett ttaacgatge caaggagaag gtgagaaatt tcecgccgccac aatccctagg 2940
ccettecagtg tgcgttacga cecttatace cagaggatcg aggtgctgga taatacacag 3000
cagctgaaga tcctggctga ctcaatcaat agcgaaatcg gaatcctgtg cteccgcecctg 3060
cagaaaatca aatgagaatt caaggcctct cgagcctcecta gaactatagt gagtcgtatt 3120
acgtagatcc agacatgata agatacattg atgagtttgg acaaaccaca actagaatgc 3180
agtgaaaaaa atgctttatt tgtgaaattt gtgatgctat tgctttattt gtaaccatta 3240
taagctgcaa taaacaagtt aacaacaaca attgcattca ttttatgttt caggttcagg 3300
gggaggtgtyg ggaggttttt taagctttac gtacgatcgt cgactgggat gggatgtgga 3360
atccttectag atttecttttyg taatatttat aaagtgctct cagcaaggta tcaaaatggce 3420
aaaattgtga gtaactatcc tcecctttcatt ttgggaagaa gatgaggcat gaagagaatt 3480
cagacagaaa cttactcaga ccaggggagg cagaaactaa gcagagagga aaatgaccaa 3540
gagttagcecce tgggcatgga atgtgaaaga accctaaacg tgacttggaa ataatgccca 3600
aggtatattc cattctccgg gatttgttgg cattttettg aggtgaagaa ttgcagaata 3660
cattctttaa tgtgacctac atatttaccc atgggaggaa gtctgctcct ggactcecttga 3720
gattcagtca taaagcccag gccagggaaa taatgtaagt ctgcaggccce ctgtcatcag 3780
taggattagg gagaagagtt ctcagtagaa aacagggagg ctggagagaa aagaatggtt 3840
aatgttaacg ttaatataac tagaaagact gcagaactta ggactgattt ttatttgaat 3900
ccttaaaaaa aaaatttctt atgaaaatag tacatggctc ttaggagaca gaacttattg 3960
tacagaggaa cagcgtgaga gtcagagtga tcccagaaca ggtcctggcet ccatcctgcea 4020
catagttttg gtgctgctgg caatacggtc cccacaactg tgggaagggg ttaggggcag 4080
ggatctcatc aggaaagcat aggggtttaa agttctttat agagcactta gaagattgag 4140
aatccacaaa ttatattaat aacaaacaaa gtagtgtcgt gttatatagt aaatgtgaat 4200
ttgcagacac atttagggaa aagttataat taaaaaaata ggctgtatat atacctgcag 4260
gtctagatac gtagataagt agcatggcgg gttaatcatt aactacaagg aacccctagt 4320
gatggagttg gccactccct ctetgecgege tecgctegcte actgaggecg ggcgaccaaa 4380
ggtegecega cgececggget ttgeccggge ggcectcagtyg agcgagegag cgegcagaga 4440
gggagtggcce aa 4452
<210> SEQ ID NO 46
<211> LENGTH: 380
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 46
ggcattgatt attgactagt tattaatagt aatcaattac ggggtcatta gttcatagec 60
catatatgga gttccgegtt acataactta cggtaaatgg cccgectgge tgaccgecca 120
acgacccceg cccattgacg tcaataatga cgtatgttece catagtaacyg ccaataggga 180
ctttecattg acgtcaatgg gtggagtatt tacggtaaac tgcccacttyg gcagtacatce 240
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aagtgtatca tatgccaagt ccgcccecta ttgacgtcaa tgacggtaaa tggeccgect 300
ggcattatge ccagtacatg accttacggg actttectac ttggcagtac atctacgtat 360
tagtcatcge tattaccatg 380

<210> SEQ ID NO 47

<211> LENGTH: 1246

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 47

tcgaggtgag ccccacgtte tgcttcacte tecccatcte ceccccctece ccaccceccaa 60
ttttgtattt atttattttt taattatttt gtgcagcgat gggggcgggyg 9999999999 120
ggegegegee aggeggggcg 9ggcggggcy aggggcegggy cggggcgagg cggagaggtg 180

cggeggcage caatcagage ggcgegetee gaaagtttece ttttatggeg aggeggegge 240

ggeggeggee ctataaaaag cgaagegcege ggcegggceggg agtegetgeg cgetgectte 300

gececegtgee cegeteegee gecgectege gecgecegee ceggetetga ctgaccegegt 360
tactcccaca ggtgageggg cgggacggece cttcetectece gggetgtaat tagegettgg 420
tttaatgacg gcttgtttet tttetgtgge tgegtgaaag cettgagggg ctecgggagg 480

gecectttgtg cggggggage ggctceggggg gtgcgtgegt gtgtgtgtge gtggggageg 540
cegegtgegyg ctecgegetyg ceeggegget gtgagegetg cgggegegge geggggettt 600
gtgcgeteeg cagtgtgege gaggggageg cggccggggyg cggtgecceg cggtgcegggyg 660
ggggctgcga ggggaacaaa ggctgcgtge ggggtgtgtg cgtggggggg tgagcagggyg 720
gtgtgggege gteggteggg ctgcaaccce ccctgcacce cecteccega gttgetgage 780
acggecegge ttegggtgeg gggeteegta cggggegtgg cgeggggete gecegtgecegg 840
geggggggtg gcggcaggtg ggggtgecgg geggggeggyg gecgectegg gecggggagy 900
geteggggga ggggcegegge ggeccccgga gegeeggegg ctgtcgagge gcggcgagece 960
gcagccattg ccttttatgg taatcgtgeg agagggcgca gggacttect ttgtcccaaa 1020
tctgtgegga gecgaaatct gggaggegee gecgeaccece ctcetageggg cgeggggega 1080
agcggtgegyg cgccggeagg aaggaaatgg geggggaggg cettegtgeg tegecgegece 1140
gccegtececet teteectete cagecteggg gectgtecgeg gggggacggce tgcctteggyg 1200

ggggacgggg cagggcgggg ttcggcttct ggegtgtgac cggegg 1246

<210> SEQ ID NO 48

<211> LENGTH: 1061

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 48

tagggaggtc ctgcacgtta cataacttac ggtaaatgge cegectgget gaccgceccaa 60
cgaccccege ccattgacgt caataatgac gtatgttcece atagtaacge caatagggac 120
tttccattga cgtcaatggg tggagtattt acggtaaact geccacttgg cagtacatca 180
agtgtatcat atgccaagta cgcccectat tgacgtcaat gacggtaaat ggeccegectg 240
gecattatgce cagtacatga ccttatggga ctttectact tggcagtaca tctacgtatt 300

agtcatcget attaccatgg tcgaggtgag ccccacgtte tgcttcacte tccccatcte 360
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cceceecctee ccaccceccaa ttttgtattt atttattttt taattatttt gtgcagegat 420
d9999gcggygy 999999999y gcegegegeca ggeggggcegyg dgcggggcga ggggcggggc 480
ggggcgagge ggagaggtge ggcggcagcece aatcagageg gegcegcetceeg aaagtttect 540
tttatggcga ggcggeggceyg geggceggecce tataaaaage gaagegcegeyg gcegggeggga 600
gtegetgege getgectteg ccocegtgece cgeteegecyg cegectegeg cegeccgece 660
cggctetgac tgaccgegtt actaaaacag gtaagtcegg cctecgegece gggttttgge 720
gectecegeyg ggegecccee tcectcacgge gagegetgee acgtcagacyg aagggcgceag 780
cgagegtect gatcctteceg cccggacget caggacageg geccgetget cataagacte 840
ggecttagaa ccccagtatce agcagaagga cattttagga cgggacttgg gtgactctag 900
ggcactggtt ttctttccag agagcggaac aggcgaggaa aagtagtccce ttcteggega 960
ttetgcggag ggatctcecegt ggggcggtga acgccgatga tgcctctact aaccatgttce 1020
atgttttett tttttttcta caggtectgg gtgacgaaca g 1061
<210> SEQ ID NO 49
<211> LENGTH: 953
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 49
aattcggtac cctagttatt aatagtaatc aattacgggg tcattagttc atagcccata 60
tatggagttc cgcgttacat aacttacggt aaatggcceg cctggctgac cgcccaacga 120
ccecegecca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 180
ccattgacgt caatgggtgg actatttacg gtaaactgec cacttggcag tacatcaagt 240
gtatcatatyg ccaagtacgc cccctattga cgtcaatgac ggtaaatggce ccgectggea 300
ttatgcccag tacatgacct tatgggactt tectacttgg cagtacatct acgtattagt 360
catcgetatt accatggtcg aggtgagecce cacgttcetge ttcactctece ccatctecce 420
ccecteccca ceccccaattt tgtatttatt tattttttaa ttattttgtg cagcgatggg 480
dgcgggggygy g9999gggge gcegegecagg cggggegggg cggggegagg ggeggggedy 540
ggcgaggceygy agaggtgcgg cggcagccaa tcagagegge gegctcecgaa agtttecttt 600
tatggcgagg cggcggegge ggcggeccta taaaaagcga agcegegcegge gggcegggagt 660
cgetgegacyg ctgecttege ccegtgeccee geteegeege cgectegege cgceecgecce 720
ggctcetgact gaccgegtta ctcccacagg tgagegggeg ggacggecct tcetecteegyg 780
gctgtaatta gegettggtt taatgacgge ttgtttcecttt tetgtggetg cgtgaaagece 840
ttgaggggct ccgggagcta gagcctetge taaccatgtt catgecttet tetttttect 900
acagctectg ggcaacgtge tggttattgt gctgtctcat cattttggca aag 953
<210> SEQ ID NO 50
<211> LENGTH: 541
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 50
ccctaaaatyg ggcaaacatt gcaagcagca aacagcaaac acacagccct ccctgectge 60
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tgaccttgga gctggggcag aggtcagaga cctectetggyg cccatgecac ctccaacate 120
cactcgacce cttggaattt cggtggagag gagcagaggt tgtectggeg tggtttaggt 180
agtgtgagag gggaatgact cctttecggta agtgcagtgg aagctgtaca ctgcccagge 240
aaagcgtceceg ggcagegtag gegggcgact cagatcccag ccagtggact tageccctgt 300
ttgctectee gataactggg gtgaccttgg ttaatattca ccagcagect cccecegttge 360
ccctetggat ccactgetta aatacggacg aggacaggge cctgtctect cagettcagg 420
caccaccact gacctgggac agtgaatcct ctaaggtaaa tataaaattt ttaagtgtat 480
aatgtgttaa actactgatt ctaattgttt ctctctttta gattccaacc tttggaactg 540
a 541
<210> SEQ ID NO 51
<211> LENGTH: 1908
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 51
ccctaaaatyg ggcaaacatt gcaagcagca aacagcaaac acacagccct ccctgectge 60
tgaccttgga gctggggcag aggtcagaga cctectetggyg cccatgecac ctccaacate 120
cactcgacce cttggaattt cggtggagag gagcagaggt tgtectggeg tggtttaggt 180
agtgtgagag gggaatgact cctttecggta agtgcagtgg aagctgtaca ctgcccagge 240
aaagcgtceceg ggcagegtag gegggcgact cagatcccag ccagtggact tageccctgt 300
ttgctectee gataactggg gtgaccttgg ttaatattca ccagcagect cccecegttge 360
ccctetggat ccactgetta aatacggacg aggacaggge cctgtctect cagettcagg 420
caccaccact gacctgggac agtgaatcct ctaaggtaaa tataaaattt ttaagtgtat 480
aatgtgttaa actactgatt ctaattgttt ctctctttta gattccaacc tttggaactg 540
accgecacca tgtccaccge tgtgctggag aaccctggge tggggaggaa actgtcagac 600
ttegggcagg agacttcata cattgaggat aactgtaacc agaatggege catctctetg 660
atcttcagece tgaaggagga agtgggegece ctggcaaagyg tgctgcegect gtttgaggag 720
aacgacgtga atctgaccca catcgagtcce cggecttcecta gactgaagaa ggacgagtac 780
gagttcttta cccacctgga taageggtcece ctgccagece tgacaaacat catcaagatce 840
ctgaggcacg acatcggagce aaccgtgcac gagetgtcete gggacaagaa gaaggatace 900
gtgccctggt tceecteggac aatccaggag ctggatagat ttgccaacca gatcctgtet 960
tacggagcag agctggacgc agatcaccct ggettcaagyg acccagtgta tcegggeccgg 1020
agaaagcagt ttgccgatat cgcctacaat tataggcacg gacagccaat ccctcegegtg 1080
gagtatatgyg aggaggagaa gaagacctgg ggcacagtgt tcaagaccct gaagagcctg 1140
tacaagacac acgcctgcta cgagtataac cacatcttecc cecctgctgga gaagtattgt 1200
ggctttcacg aggacaatat ccctcagetg gaggacgtga gccagttect gcagacctge 1260
acaggcttta ggctgaggcc agtggcagga ctgctgagcet cccgggactt cctgggagga 1320
ctggccttca gagtgtttca ctgcacccag tacatcaggc acggctccaa gccaatgtat 1380
acaccagagc ccgacatctg tcacgagctg ctgggccacg tgccecctgtt tagcgataga 1440
tcettegece agttttceceoca ggagatcgga ctggcatcecte tgggagcacce tgacgagtac 1500
atcgagaagc tggccaccat ctattggttc acagtggagt ttggcctgtg caagcagggce 1560
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gatagcatca aggcctacgg agcaggactg ctgtctaget tcggcgagcet gcagtattgt 1620
ctgtccgaga agccaaagct getgccectg gagetggaga agaccgccat ccagaactac 1680
accgtgacag agttccagcecc cctgtactat gtggccgagt cttttaacga tgccaaggag 1740
aaggtgagaa atttcgccgce cacaatccct aggcccttca gtgtgegtta cgacccttat 1800
acccagagga tcgaggtgct ggataataca cagcagctga agatcctggce tgactcaatce 1860
aatagcgaaa tcggaatcct gtgctcecgcece ctgcagaaaa tcaaatga 1908
<210> SEQ ID NO 52
<211> LENGTH: 2156
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 52
ccctaaaatyg ggcaaacatt gcaagcagca aacagcaaac acacagccct ccctgectge 60
tgaccttgga gctggggcag aggtcagaga cctectetggyg cccatgecac ctccaacate 120
cactcgacce cttggaattt cggtggagag gagcagaggt tgtectggeg tggtttaggt 180
agtgtgagag gggaatgact cctttecggta agtgcagtgg aagctgtaca ctgcccagge 240
aaagcgtceceg ggcagegtag gegggcgact cagatcccag ccagtggact tageccctgt 300
ttgctectee gataactggg gtgaccttgg ttaatattca ccagcagect cccecegttge 360
ccctetggat ccactgetta aatacggacg aggacaggge cctgtctect cagettcagg 420
caccaccact gacctgggac agtgaatcct ctaaggtaaa tataaaattt ttaagtgtat 480
aatgtgttaa actactgatt ctaattgttt ctctctttta gattccaacc tttggaactg 540
accgecacca tgtccaccge tgtgctggag aaccctggge tggggaggaa actgtcagac 600
ttegggcagg agacttcata cattgaggat aactgtaacc agaatggege catctctetg 660
atcttcagece tgaaggagga agtgggegece ctggcaaagyg tgctgcegect gtttgaggag 720
aacgacgtga atctgaccca catcgagtcce cggecttcecta gactgaagaa ggacgagtac 780
gagttcttta cccacctgga taageggtcece ctgccagece tgacaaacat catcaagatce 840
ctgaggcacg acatcggagce aaccgtgcac gagetgtcete gggacaagaa gaaggatace 900
gtgccctggt tceecteggac aatccaggag ctggatagat ttgccaacca gatcctgtet 960
tacggagcag agctggacgc agatcaccct ggettcaagyg acccagtgta tcegggeccgg 1020
agaaagcagt ttgccgatat cgcctacaat tataggcacg gacagccaat ccctcegegtg 1080
gagtatatgyg aggaggagaa gaagacctgg ggcacagtgt tcaagaccct gaagagcctg 1140
tacaagacac acgcctgcta cgagtataac cacatcttecc cecctgctgga gaagtattgt 1200
ggctttcacg aggacaatat ccctcagetg gaggacgtga gccagttect gcagacctge 1260
acaggcttta ggctgaggcc agtggcagga ctgctgagcet cccgggactt cctgggagga 1320
ctggccttca gagtgtttca ctgcacccag tacatcaggc acggctccaa gccaatgtat 1380
acaccagagc ccgacatctg tcacgagctg ctgggccacg tgccecctgtt tagcgataga 1440
tcettegece agttttceceoca ggagatcgga ctggcatcecte tgggagcacce tgacgagtac 1500
atcgagaagc tggccaccat ctattggttc acagtggagt ttggcctgtg caagcagggce 1560
gatagcatca aggcctacgg agcaggactg ctgtctaget tcggcgagcet gcagtattgt 1620
ctgtccgaga agccaaagct getgccectg gagetggaga agaccgccat ccagaactac 1680
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accgtgacag agttccagcecc cctgtactat gtggccgagt cttttaacga tgccaaggag 1740
aaggtgagaa atttcgccgce cacaatccct aggcccttca gtgtgegtta cgacccttat 1800
acccagagga tcgaggtgct ggataataca cagcagctga agatcctggce tgactcaatce 1860
aatagcgaaa tcggaatcct gtgctcecgce ctgcagaaaa tcaaatgaga attcaaggcce 1920
tctcgagect ctagaactat agtgagtcgt attacgtaga tccagacatg ataagataca 1980
ttgatgagtt tggacaaacc acaactagaa tgcagtgaaa aaaatgcttt atttgtgaaa 2040
tttgtgatgc tattgcttta tttgtaacca ttataagctg caataaacaa gttaacaaca 2100
acaattgcat tcattttatg tttcaggttc agggggaggt gtgggaggtt ttttaa 2156
<210> SEQ ID NO 53
<211> LENGTH: 1356
<212> TYPE: DNA
<213> ORGANISM: Homo sapiens
<400> SEQUENCE: 53
atgtccactg cggtectgga aaacccagge ttgggcagga aactctctga ctttggacag 60
gaaacaagct atattgaaga caactgcaat caaaatggtg ccatatcact gatcttctca 120
ctcaaagaag aagttggtgc attggccaaa gtattgcget tatttgagga gaatgatgta 180
aacctgacce acattgaatc tagaccttct cgtttaaaga aagatgagta tgaattttte 240
acccatttgg ataaacgtag cctgcctget ctgacaaaca tcatcaagat cttgaggcat 300
gacattggtyg ccactgtcca tgagctttca cgagataaga agaaagacac agtgccctgg 360
ttcccaagaa ccattcaaga gctggacaga tttgccaatce agattctcag ctatggageg 420
gaactggatyg ctgaccacce tggttttaaa gatcctgtgt accgtgcaag acggaagcag 480
tttgctgaca ttgcctacaa ctaccgecat gggcagccca tceectcegagt ggaatacatg 540
gaggaagaaa agaaaacatg gggcacagtg ttcaagactc tgaagtcctt gtataaaacc 600
catgcttget atgagtacaa tcacattttt ccacttcttyg aaaagtactg tggcttccat 660
gaagataaca ttccccaget ggaagacgtt tctcaattce tgcagacttg cactggttte 720
cgectecgac ctgtggetgg cctgetttee tetegggatt tettgggtgyg ccetggectte 780
cgagtettee actgcacaca gtacatcaga catggatcca agcccatgta tacccccgaa 840
cctgacatcet gccatgaget gttgggacat gtgcccttgt tttcagatceg cagetttgee 900
cagttttcee aggaaattgg ccttgectet ctgggtgcac ctgatgaata cattgaaaag 960
ctcgccacaa tttactggtt tactgtggag tttgggctct gcaaacaagg agactccata 1020
aaggcatatg gtgctgggct cctgtcatce tttggtgaat tacagtactg cttatcagag 1080
aagccaaagc ttctcecccect ggagctggag aagacagcca tccaaaatta cactgtcacg 1140
gagttccage ccctgtatta cgtggcagag agttttaatg atgccaagga gaaagtaagg 1200
aactttgctg ccacaatacc tecggccectte tcagtteget acgacccata cacccaaagg 1260
attgaggtct tggacaatac ccagcagctt aagattttgg ctgattccat taacagtgaa 1320
attggaatcc tttgcagtgc cctccagaaa ataaag 1356

<210> SEQ ID NO 54
<211> LENGTH: 173

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 54

Synthetic polynucleotide
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actcacgggg atttccaagt cteccacceca ttgacgtcaa tgggagtttg ttttggcace

aaaatcaacg ggactttcca aaatgtecgta ataaccecege cecgttgacg caaatgggeg

gtaggcegtgt acggtgggag gtctatataa gcagageteg tttagtgaac cgt

<210> SEQ ID NO 55
<211> LENGTH: 100

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 55

Synthetic polynucleotide

ccaaaatcaa cgggacttte caaaatgteg taataaccece gecccgttga cgcaaatggg

cggtaggegt gtacggtggg aggtctatat aagcagaget

<210> SEQ ID NO 56
<211> LENGTH: 380

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 56

ggcattgatt
catatatgga
acgacccecg
ctttecattg
aagtgtatca
ggcattatge

tagtcatcge

attgactagt
gttecgegtt
cccattgacyg
acgtcaatgg
tatgccaagt
ccagtacatg

tattaccatg

<210> SEQ ID NO 57
<211> LENGTH: 1246

<212> TYPE:

DNA

tattaatagt

acataactta

tcaataatga

gtggagtatt

cecgeceecta

accttacggyg

aatcaattac

cggtaaatgg

cgtatgttee

tacggtaaac

ttgacgtcaa

actttcctac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 57

tecgaggtgag

ttttgtattt

ggcgcgcgcec

cggcggcagce

dgcggeggcec

gececegtgee

tactcccaca

tttaatgacg

geecetttgty

cegegtgegg

gtgcgetecy

ggggctgega

ccccacgtte

atttattttt

aggcegygggey

caatcagagc

ctataaaaag

cegeteegec

ggtgagcggg

gettgtttet

¢ggggggage

ctcegegety

cagtgtgege

ggggaacaaa

tgcttcacte

taattatttt

dggceggggcy

ggcgegetee

cgaagcgege

geegectege

cgggacggcc

tttctgtgge

ggcteggggy

cceggegget

daggggagcyg

ggCthgth

tccccatcete

gtgcagcgat

aggggcgggy

gaaagtttce

dgcgggeggy

geegecegee

cttectectec

tgcgtgaaag

gtgcgtgegt

gtgagegetg

¢ggcecggggy

ggggtgtgtg

Synthetic polynucleotide

ggggtcatta

ccegectgge

catagtaacg

tgcccactty

tgacggtaaa

ttggcagtac

Synthetic polynucleotide

cceecectee

dgg9ggegggg

¢ggggcgagy

ttttatggeg

agtcgetgeg

cecggetetga

gggctgtaat

ccttgagggg

gtgtgtgtge

¢gggegeggce

cggtgeceey

cgtggggggy

gttcatagce

tgaccgceca

ccaataggga

gcagtacatc

tggccegect

atctacgtat

ccaccceccaa

d999999999

cggagaggtg

aggceggeggce

cgectgectte

ctgaccgegt

tagcgettygyg

ctccgggagg

gtggggageg

gcggggcttt

cggtgcgggy

tgagcagggg

60

120

173

60

100

60

120

180

240

300

360

380

60

120

180

240

300

360

420

480

540

600

660

720
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gtgtgggege gteggteggg ctgcaaccce ccctgcacce cecteccega gttgetgage 780

acggecegge ttegggtgeg gggeteegta cggggegtgg cgeggggete gecegtgecegg 840

geggggggtg gcggcaggtg ggggtgecgg geggggeggyg gecgectegg gecggggagy 900

geteggggga ggggcegegge ggeccccgga gegeeggegg ctgtcgagge gcggcgagece 960

gcagccattg ccttttatgg taatcgtgeg agagggcgca gggacttect ttgtcccaaa 1020

tctgtgegga gecgaaatct gggaggegee gecgeaccece ctcetageggg cgeggggega 1080

agcggtgegyg cgccggeagg aaggaaatgg geggggaggg cettegtgeg tegecgegece 1140

gccegtececet teteectete cagecteggg gectgtecgeg gggggacggce tgcctteggyg 1200

ggggacgggg cagggcgggg ttcggcttct ggegtgtgac cggegg 1246

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 58

LENGTH: 201

TYPE: DNA

ORGANISM: Artificial Sequence

FEATURE:

OTHER INFORMATION: Synthetic polynucleotide

SEQUENCE: 58

gaattcggge ggagttaggg cggagccaat cagegtgege cgttccgaaa gttgectttt 60

atggctggge ggagaatggg cggtgaacge cgatgattat ataaggacge gecegggtgtg 120

gcacagctag ttcecgtcegeca gecgggattt gggtegeggt tettgtttgt ggatccctgt 180
gatcgtgatc atcacttgtg a 201
<210> SEQ ID NO 59

<211> LENGTH: 953

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 59

aattcggtac cctagttatt aatagtaatc aattacgggg tcattagttc atagcccata 60
tatggagttc cgcgttacat aacttacggt aaatggcceg cctggctgac cgcccaacga 120
ccecegecca ttgacgtcaa taatgacgta tgttcccata gtaacgccaa tagggacttt 180
ccattgacgt caatgggtgg actatttacg gtaaactgec cacttggcag tacatcaagt 240
gtatcatatyg ccaagtacgc cccctattga cgtcaatgac ggtaaatggce ccgectggea 300
ttatgcccag tacatgacct tatgggactt tectacttgg cagtacatct acgtattagt 360
catcgetatt accatggtcg aggtgagecce cacgttcetge ttcactctece ccatctecce 420
ccecteccca ceccccaattt tgtatttatt tattttttaa ttattttgtg cagcgatggg 480

dgcgggggygy g9999gggge gcegegecagg cggggegggg cggggegagg ggeggggedy 540

ggcgaggegyg agaggtgcegg cggcagcecaa tcagagegge gegetcecgaa agtttecttt 600

tatggcgagyg cggcggegge ggcggeccta taaaaagega agegegegge gggegggagt 660

cgetgegacyg ctgecttege ccegtgeccee geteegeege cgectegege cgceecgecce 720
ggctcetgact gaccgegtta ctcccacagg tgagegggeg ggacggecct tcetecteegyg 780
gctgtaatta gegettggtt taatgacgge ttgtttcecttt tetgtggetg cgtgaaagece 840
ttgaggggct ccgggagcta gagcctetge taaccatgtt catgecttet tetttttect 900

acagctectg ggcaacgtge tggttattgt gctgtctcat cattttggca aag 953
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<210> SEQ ID NO 60
<211> LENGTH: 1766

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 60

gtaaatttta

tcaaactctt

aggggctaga

ggatgggatt

gggggettgg

ctcaccctge

ctctgaagte

gcaagcagca

aggtcagaga

cggtggagag

tgaggcteeg

d999g9agggg

agtgatgtcg

gcagtagtcg

geegtgtgtg

attacttcca

cttgcgettt

gecgeegegt

tagccattta

taaatgcggyg

gggCCCgth

gaatcggacyg

cgtgtatege

aaagatggcc

gagagcgggce

cttcatgtga

tttggagtac

ctgagtgggt

ttgccetttt

tttttettec

tggaatgtga

ttttacccta

gacaccagaa

cagactaggg

tgacttagag

ccecttecaa

cacactgaac

aacagcaaac

cctetetggy

gagcagaggt

gtgccegtcea

tcggcaattyg

tgtactgget

ccgtgaacgt

gttecegegy

cctggeteca

aggagccect

gcgaatctgg

aaatttttga

ccaggatetyg

gtcecagege

ggggtagtct

cecegeectygy

gettecegge

gggtgagtca

ctccacggag

gtcgtettta

ggagactgaa

tgagtttgga

atttcaggtyg

<210> SEQ ID NO 61
<211> LENGTH: 82

<212> TYPE:

DNA

atcataattc

gactttccta

gtttagcagg

ccaggaccca

aacagagctg

cceccteagtt

aaacttcage

acacagcect

cccatgecac

tgtcctggeyg

gtgggcagag

aaccggtgec

cegecttttt

tetttttege

gectggecte

gtacgtgatt

tcgectegty

tggcacctte

tgacctgetyg

cacactggta

acatgttegg

caagctggec

dcggcaagge

cctgetecag

cccacacaaa

taccgggege

ggttgggggy

gttaggccag

tcttggttea

tcgtga

aatttttcaa

ccatcaccca

daggagggcyg

gggatggaga

caggctcaga

cccatcectcec

ctactcatgt

cecctgectge

ctccaacatce

tggtttaggt

cgcacatege

tagagaaggt

cccgagggtg

aacgggtttyg

tttacgggtt

cttgatceeg

cttgagttga

gegectgtet

cgacgetttt

ttteggtttt

c¢gaggcgggy

ggcetgetet

tggcceggte

ggggctcaaa

dgaaaggggce

cgteccaggea

aggggtttta

cttggcactt

ttctcaagee

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 61

Synthetic polynucleotide

catgcgttag

gagtatccag

tagggattcg

gaaagagatg

ggcacacagg

agcagetgtt

ccctaaaatg

tgaccttgga

cactcgacce

agtgtgagag

ccacagtece

ggcgeggggt

ggggagaacc

ccgecagaac

atggcecttyg

agctggagec

ggcetggect

cgetgettte

tttctggcaa

tggggcegeg

cctgegageyg

ggtgcctggc

ggcaccagtt

atggaggacg

ctttecegtee

cctegattag

tgcgatggag

gatgtaattc

tcagacagtyg

Synthetic polynucleotide

gagggacatt
ccaggagggy
gggaatgaag
agagtggttt
agtttctggyg
tgtgtgctge
ggcaaacatt
getggggcag
cttggaattt
ggcttaageg
cgagaagttyg
aaactgggaa
gtatataagt
acaggtaagt
cgtgecttga
aggggeggge
gggcgetggyg
gataagtcte
gatagtcttg
ggceggegacg
cggccaccga
ctegegecge
gegtgagegyg
cggcgetegg
tcagcegteg
ttctggaget
tttccecaca
tccttggaat

gttcaaagtt

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1766
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gtaagggttt aagggatggt tggttggtgyg ggtattaatg tttaattacc tggagcacct

gectgaaate acttttttte ag

<210> SEQ ID NO 62
<211> LENGTH: 95

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 62

Synthetic polynucleotide

cctetgetaa ccatgttecat gecttettet ttttectaca getectggge aacgtgetgg

ttattgtgct gtctcatcat tttggcaaag aatte

<210> SEQ ID NO 63
<211> LENGTH: 1356

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 63

atgtccaccyg

gagacttcat

ctgaaggagg

aatctgacce

acccacctygg

gacatcggag

ttcecctegga

gagctggacg

tttgccgata

daggaggaga

cacgeetget

gaggacaata

aggctgaggc

agagtgttte

ccecgacatcet

cagtttteece

ctggecacca

aaggcctacyg

aagccaaagc

gagttccage

aatttecgeeg

atcgaggtge

atcggaatcc

ctgtgetgga

acattgagga

aagtgggcgc

acatcgagtce

ataagcggtce

caaccgtgea

caatccagga

cagatcaccc

tcgectacaa

agaagacctyg

acgagtataa

tcccteaget

cagtggcagg

actgcaccca

gtcacgagcet

aggagatcgg

tctattggtt

gagcaggact

tgctgecect

ccctgtacta

ccacaatccce

tggataatac

tgtgcteege

<210> SEQ ID NO 64
<211> LENGTH: 1873

<212> TYPE:

DNA

gaaccetggyg

taactgtaac

cctggcaaag

ceggecttet

cctgecagec

cgagctgtet

getggataga

tggcttcaag

ttataggcac

gggcacagtg

ccacatcttce

ggaggacgtg

actgctgage

gtacatcagg

getgggecac

actggcatct

cacagtggag

getgtetage

ggagctggag

tgtggccgag

taggcectte

acagcagetyg

cctgcagaaa

ctggggagga

cagaatggeg

gtgetgegee

agactgaaga

ctgacaaaca

cgggacaaga

tttgccaacc

gacccagtgt

ggacagccaa

ttcaagaccc

ccectgetygy

agccagttee

tccegggact

cacggceteca

gtgccectgt

ctgggagcac

tttggeetgt

ttceggcegage

aagaccgeca

tcttttaacy

agcgtgegge

aagatcctgg

atcaaa

<213> ORGANISM: Artificial Sequence

Synthetic polynucleotide

aactgtcaga

ccatctctcet

tgtttgagga

aggacgagta

tcatcaagat

agaaggatac

agatcctgte

atcgggeecyg

tcecctegegt

tgaagagcect

agaagtattg

tgcagacctyg

tcctgggagg

agccaatgta

ttagcgatag

ctgacgagta

gcaagcaggyg

tgcagtattyg

tccagaacta

atgccaagga

acgaccctta

ctgactcaat

cttegggeag

gatcttcage

gaacgacgtg

cgagttettt

cctgaggeac

cgtgeectygy

ttacggagca

gagaaagcag

ggagtatatg

gtacaagaca

tggctttcac

cacaggcttt

actggectte

tacaccagag

atccttegee

catcgagaag

cgatagcatce

tctgtecgag

caccgtgaca

gaaggtgaga

tacccagagg

caatagcgaa

60

82

60

95

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1356
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<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 64

gatcttcaat attggccatt agccatatta ttcattggtt atatagcata aatcaatatt 60
ggctattggc cattgcatac gttgtatcta tatcataata tgtacattta tattggctca 120
tgtccaatat gaccgccatg ttggcattga ttattgacta gttattaata gtaatcaatt 180
acggggtcat tagttcatag cccatatatg gagttccgeg ttacataact tacggtaaat 240
ggeeccgectyg getgaccgee caacgacccee cgeccattga cgtcaataat gacgtatgtt 300
cccatagtaa cgccaatagg gacttteccat tgacgtcaat gggtggagta tttacggtaa 360
actgcccact tggcagtaca tcaagtgtat catatgccaa gtccgcccee tattgacgte 420
aatgacggta aatggcccge ctggcattat geccagtaca tgaccttacyg ggactttect 480
acttggcagt acatctacgt attagtcatc gectattacca tggtcgaggt gagccccacg 540
ttectgcttca ctcteccecat cteccceccce tceeccaccce caattttgta tttatttatt 600

ttttaattat tttgtgcagc gatgggggcyg 9999999999 99gggcgcge gcecaggceggy 660

geggggceggyg gcegaggggcg gggcggggcg aggcggagag gtgcggcegge agccaatcag 720

agcggegege tccgaaagtt tecttttatg gegaggegge ggeggeggeg gcecctataaa 780
aagcgaageg cgoeggeggge gggagteget gegacgetge cttegeceeg tgecccegete 840
cgeegecgee tegegeagee cgeccegget ctgactgace gegttactcee cacaggtgag 900
cgggegggac ggcccttete cteegggetyg taattagege ttggtttaat gacggettgt 960

ttettttetg tggctgegtyg aaagecttga ggggctecegg gagggcecctt tgtgceggggg 1020
ggageggete ggggggtgeg tgcgtgtgtg tgtgegtggg gagcegecgeg tgcggeccge 1080
gctgecceegge ggectgtgage getgegggeyg cggegegggyg ctttgtgege tecgecagtgt 1140
gegegagggg agegceggecg ggggeggtge cccgeggtge gggggggget gcgaggggaa 1200
caaaggctge gtgcggggtg tgtgegtggg ggggtgagca gggggtgtgg gegeggeggt 1260
cgggetgtaa ccccccectg caccccccte ccecgagttge tgagcacgge ceggettegg 1320
gtgcgggget ccgtacgggg cgtggcgegg ggctegecgt gecgggeggg gggtggegge 1380
aggtgggggt gccgggcggyg gceggggcecge ctegggecgg ggagggctceg ggggaggggce 1440
geggeggece ccggagegee ggceggcetgte gaggcegegge gagecgcage cattgecttt 1500
tatggtaatc gtgcgagagg gcgcagggac ttcecctttgte ccaaatctgt geggagccga 1560
aatctgggag gcgeegecge accceccteta gegggegegg ggcgaagedg tgeggegecg 1620
gcaggaagga aatgggcggg gagggectte gtgegtegee gegecgeogt ccecttetec 1680
ctctecagee teggggetgt cegegggggg acggetgect teggggggga cggggcaggg 1740
cggggttegg cttetggegt gtgaccggceg gctctagage ctctgctaac catgttcatg 1800
ccttettett tttectacag ctectgggca acgtgctggt tattgtgctg tetcatcatt 1860

ttggcaaaga att 1873

<210> SEQ ID NO 65

<211> LENGTH: 1061

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 65
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tagggaggtc

cgacceeage

tttccattga

agtgtatcat

gcattatgee

agtcatcget

cceececectece

d9999cgg9g

dgggcgagge

tttatggcga

gtegetgege

cggetetgac

gecteecegey

cgagegtect

ggccttagaa

ggcactggtt

ttctgeggag

atgttttctt

ctgcacgtta

ccattgacgt

cgtcaatggyg

atgccaagta

cagtacatga

attaccatgg

ccacccecaa

9999999999

ggagaggtge

dgcggeggcy

getgectteg

tgaccgegtt

ggcgeeccece

gatcctteeyg

ccccagtate

ttetttecag

ggatctcegt

tttttttcta

<210> SEQ ID NO 66
<211> LENGTH: 170

<212> TYPE:

DNA

cataacttac

caataatgac

tggagtattt

cgcecectat

ccttatggga

tecgaggtgag

ttttgtattt

gegegegeca

ggcggcagcc

geggeggecce

ccecegtgece

actaaaacag

tcctcacgge

cceggacget

agcagaagga

agagcggaac

ggggcggtga

caggtectygg

ggtaaatgge

gtatgttcce

acggtaaact

tgacgtcaat

ctttectact

ccccacgtte

atttattttt

dgcggggcygy

aatcagagcg

tataaaaagc

cgcteegeey

gtaagtcegg

gagegetgee

caggacagcg

cattttagga

aggcgaggaa

acgccgatga

gtgacgaaca

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 66

cegectgget gaccgeccaa

atagtaacgc caatagggac

geccacttgg cagtacatca

gacggtaaat ggcccgectg

tggcagtaca tctacgtatt

tgcttcacte tcecccatcte

taattatttt gtgcagcgat

dgcggggcga ggggcggggc

gegegeteceg aaagtttect

gaagcgegeg gegggceggga

cegectegeyg cegeccgecae

cctecgegee gggttttgge

acgtcagacg aagggcgcag

gecegetget cataagacte

cgggacttgg gtgactctag

aagtagtcce tteteggega

tgcctctact aaccatgtte

g

Synthetic polynucleotide

cgatgeteta atctetcetag acaaggttca tatttgtatg ggttacttat tctctetttg

ttgactaagt caataatcag aatcagcagg tttgcagtca gattggcagg gataagcagce

ctagctcagg agaagtgagt ataaaagccce caggetggga gcagccatca

<210> SEQ ID NO 67
<211> LENGTH: 254

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 67

gggggaggcet

ggctaagtce

tatgggttac

gtcagattgg

gggagcagcc

getggtgaat

acctecgagec

ttattctcte

cagggataag

atca

<210> SEQ ID NO 68
<211> LENGTH: 592

<212> TYPE:

DNA

attaaccaag

atggcgatge

tttgttgact

cagcctaget

gtcaccccag

tctaatctct

aagtcaataa

caggagaagt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

Synthetic polynucleotide

ttatcggagyg agcaaacagg

ctagacaagg ttcatatttg

tcagaatcag caggtttgca

gagtataaaa gccccaggcet

Synthetic polynucleotide

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1061

60

120

170

60

120

180

240

254
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<400> SEQUENCE: 68
gtaaatttta tggaatgtga atcataattc aatttttcaa catgcgttag gagggacatt 60
tcaaactctt ttttacccta gactttccta ccatcaccca gagtatccag ccaggagggg 120

aggggctaga gacaccagaa gtttagcagg gaggagggeg tagggatteg gggaatgaag 180

ggatgggatt cagactaggg ccaggaccca gggatggaga gaaagagatg agagtggttt 240
gggggcettgyg tgacttagag aacagagctyg caggctcaga ggcacacagyg agtttetggg 300
ctcaccctge ccecttecaa ceecteagtt cccatcctec agcagetgtt tgtgtgetge 360
ctctgaagte cacactgaac aaacttcage ctactcatgt cectaaaatg ggcaaacatt 420
gcaagcagca aacagcaaac acacagccct ccctgectge tgaccttgga getggggeag 480
aggtcagaga cctctetggg cccatgecac ctecaacatce cactcgacce cttggaattt 540
cggtggagag gagcagaggt tgtcectggeg tggtttaggt agtgtgagag gg 592

<210> SEQ ID NO 69

<211> LENGTH: 205

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 69

aatgactcct ttcggtaagt gcagtggaag ctgtacactyg cccaggcaaa gcgtccggge 60
agcgtaggeg ggcgactcag atcccageca gtggacttag ccectgtttyg ctectecgat 120
aactggggtyg accttggtta atattcacca gcagcctceee cegttgceccee tetggatcca 180
ctgcttaaat acggacgagg acagg 205

<210> SEQ ID NO 70

<211> LENGTH: 423

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 70

gctectaaccee actctgatct cccagggegg cagtaagtcet tcagcatcag geattttggg 60
gtgactcagt aaatggtaga tcttgctacc agtggaacag ccactaagga ttctgcagtg 120
agagcagagg gccagctaag tggtactcte ccagagactyg tcetgactcac gccacccect 180
ccaccttgga cacaggacgc tgtggtttcet gagccaggta caatgactcce ttteggtaag 240
tgcagtggaa gctgtacact gcccaggcaa agegtcecggyg cagegtagge gggcegactca 300
gatcccagee agtggactta gccectgttt getectecga taactggggt gaccttggtt 360
aatattcacc agcagcctce ccegttgece ctetggatece actgcttaaa tacggacgag 420
gac 423

<210> SEQ ID NO 71

<211> LENGTH: 72

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic polynucleotide

<400> SEQUENCE: 71

gggggaggct gctggtgaat attaaccaag gtcaccccag ttatcggagyg agcaaacagg 60
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ggctaagtce

ac

<210> SEQ ID NO 72
<211> LENGTH: 913

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 72

tagggaggtc

tgcaacttgt

cagcatttac

ggcaggagaa

tgtaactgaa

ctgategtge

accattgacc

tttegcaaac

tagccctata

gecattttggyg

ttctgcagtyg

geccacccect

tttceggtaag

gggcgactca

gaccttggtt

tacggacgag

ctgcacagaa
gtceccaggt
tetetetgtt
gaaatcaaca
atgcttcact
ccaagcacac
ctaattcatt
tcaaataaac
gctctaacce
gtgactcagt
agagcagagg
ccaccttgga
tgcagtggaa
gatcccagee
aatattcacc

gac

<210> SEQ ID NO 73
<211> LENGTH: 37

<212> TYPE:

DNA

dgggaggagy

taatttttaa

tgctetggtt

tcctggactt

ggtgcteett

agtatctgca

ccectteatg

acaggaaagg

actctgatct

aaatggtaga

gccagctaag

cacaggacgc

getgtacact

agtggactta

agcagectee

gggcagcage
aaagcagtca
aataatctca
atcctetggyg
ttgttttaag
gcaaccactt
gatcctatgt
aagaccttcet
cccagggegy
tcttgctace
tggtactcte
tgtggtttet
geccaggcaa
gecectgttt

ccegttgece

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 73

gtagataagt agcatggcgg gttaatcatt aactaca

<210> SEQ ID NO 74
<211> LENGTH: 46

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 74

Synthetic polynucleotide

tgtctgacca

aaagtccaag

ggagcacaaa

cctceteccca

gecattggate

aggcctecag

aaccatccte

tatctttgag

cagtaagtct

agtggaacag

ccagagactyg

gagccaggta

agcgtccggg

getectecga

ctctggatee

Synthetic polynucleotide

Synthetic polynucleotide

ggaggggtgyg agtcgtgacg tgaattacgt catagggtta gggagg

<210> SEQ ID NO 75
<211> LENGTH: 182

<212> TYPE

: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 75

Synthetic polynucleotide

ctgttggtet

tggceettygy

cattcctgga

ccceccaggat

ttcatagcta

gaatgtggtg

caaaaagagc

agtatatgtt

tcagcatcag

ccactaagga

tctgactcac

caatgactcc

cagcgtagge

taactggggt

actgcttaaa

gtagataagt agcatggcgg gttaatcatt aactacaagg aacccctagt gatggagttg

72

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

913

37

46

60
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gecactcect ctetgegege tegetegete actgaggeeg ggcgaccaaa ggtegeccga

cgeceggget ttgecceggge ggectcagtyg agegagegag cgegcagaga gggagtggece

aa

<210> SEQ ID NO 76
<211> LENGTH: 191

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 76

Synthetic polynucleotide

ttggccacte cctetetgeg cgetegeteg ctcactgagg cegggegace

aaaggtcgee

cgacgecegyg getttgeceg ggeggectca gtgagegage gagegegeag agagggagtg

gccaactcca tcactagggg ttectggagyg ggtggagteg tgacgtgaat tacgtcatag

ggttagggag

g

<210> SEQ ID NO 77
<211> LENGTH: 3230

<212> TYPE:

DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 77

agcattagct

gcatcatcte

cctetttgea

cgatacctee

gaaaagtatg

agcgtgttta

attgctatce

atactccagg

tagtctggge

tggctgecac

tggactgtte

agactgcagt

aaccatcage

ctcacttact

aactgtcaga

ccatctctcet

tgtttgagga

aggacgagta

tcatcaagat

agaaggatac

agatcctgte

atcgggeeeyg

tccatttatg

gtctgtgtcea

gagacccage

gggettttge

tcatggagac

aattgcaatc

tccatcatca

tattccaatg

tctetgectt

cccteccaca

atgtctatcc

gggagacacc

ccegeatect

gagagccage

cttegggeag

gatcttcage

gaacgacgtyg

cgagttettt

cctgaggeac

cgtgeectygyg

ttacggagca

gagaaagcag

cagtgtaaat

ttcatgcaca

caccatacta

tcatgttege

taacttgett

ctgectetat

tcatgattat

tctcageatt

ctattcttgt

aagccteeeg

actgctacgt

cttcaaaacc

gagtgcaaac

atgtccaccyg

gagacttcat

ctgaaggagg

aatctgacce

acccacctygg

gacatcggag

ttcectegga

gagctggacg

tttgccgata

ggtgagaaca

taacatatct

gtacctagag

ctcatagggt

ggcattgaat

ttetgtgett

ttetggtttt

gccaggecty

ccaggatact

cttgggtcag

cagggcaaca

tctectetec

ttttcctaac

ctgtgetgga

acattgagga

aagtgggcgc

acatcgagtc

ataagcggtce

caaccgtgea

caatccagga

cagatcaccc

tcgectacaa

Synthetic polynucleotide

gececgactyg

cagcgaggtg

aactggctygyg

catctgggty

aaaaggtgag

gcagggaaca

tctetggttyg

tctgagegte

ctgccaaaag

tccaggactyg

cccactgaga

tgtcctgaga

cctgetgeta

gaaccetggyg

taactgtaac

cctggcaaag

ceggecttet

cctgecagece

cgagctgtet

getggataga

tggcttcaag

ttataggcac

aatacccaga

gecettetgt

atttcagece

gttgcctaag

ttgagagtgg

gtcatcctta

cggagaatcce

aggatgtagg

aatcatgttyg

gagttgggta

gtgaccttgt

gccaggttaa

agctagacac

ctggggagga

cagaatggceg

gtgctgegee

agactgaaga

ctgacaaaca

cgggacaaga

tttgccaacc

gacccagtgt

ggacagccaa

120

180

182

60

120

180

191

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320
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tcectegegt ggagtatatg gaggaggaga agaagacctg gggcacagtg ttcaagaccce 1380
tgaagagcct gtacaagaca cacgcctgct acgagtataa ccacatctte cccctgetgg 1440
agaagtattg tggctttcac gaggacaata tccctcaget ggaggacgtg agccagttcece 1500
tgcagacctg cacaggcttt aggctgaggce cagtggcagg actgctgage tcccgggact 1560
tcetgggagg actggcectte agagtgttte actgcaccca gtacatcagg cacggctcca 1620
agccaatgta tacaccagag cccgacatct gtcacgagcet gectgggccac gtgcccctgt 1680
ttagcgatag atccttcgece cagttttcce aggagatcegg actggcatct ctgggagcac 1740
ctgacgagta catcgagaag ctggccacca tctattggtt cacagtggag tttggcctgt 1800
gcaagcaggyg cgatagcatc aaggcectacg gagcaggact getgtctage tteggcgage 1860
tgcagtattg tctgtccgag aagccaaagc tgctgccect ggagctggag aagaccgcca 1920
tccagaacta caccgtgaca gagttccage ccctgtacta tgtggccgag tettttaacg 1980
atgccaagga gaaggtgaga aatttcgccg ccacaatccce taggccctte agegtgeggt 2040
acgaccctta tacccagagg atcgaggtgce tggataatac acagcagctg aagatcctgg 2100
ctgactcaat caatagcgaa atcggaatcc tgtgcteccge cctgcagaaa atcaaatgag 2160
aattcaaggc ctctcgagec tctagaacta tagtgagtcg tattacgtag atccagacat 2220
gataagatac attgatgagt ttggacaaac cacaactaga atgcagtgaa aaaaatgctt 2280
tatttgtgaa atttgtgatg ctattgcttt atttgtaacc attataagct gcaataaaca 2340
agttaacaac aacaattgca ttcattttat gtttcaggtt cagggggagg tgtgggaggt 2400
tttttaagct ttacgtacga tcgtcgagca gctgttgtcecce tggagaacgg agtcctgagce 2460
agaaaactct cagactttgg gcaggtaagc ctgttgggct tccactgcta ggagagaatt 2520
ggttccccac atgtgaaagce agtctgggaa atgctggtat ttccagtctce ctaaggctac 2580
taagaaatat gactttattt agaggcgagg aaaatgccca ggaagtcaac tgatgagact 2640
agtcttaaca agttgaggat acagaaagtt ggggatctga gctgctacca acatctgtgt 2700
gtctttgggt ggctcattgg tatcctetge ctattggctt tatcttetgt acactgaaag 2760
gaaatggctg gtecttagte acctggggtg ggagtcccta tcectcectcecagg gatacttatt 2820
caatccttte ttctgggtat caaaatgaca agcttgtaag aaactgtcct cttteggett 2880
tcaggaggtg atgtcgcatg aagagaattt gggggggggg acttactcag aaccaaggag 2940
ggagaaatta aacagagagg gaaatgaaca ggagttagcc cggagcctga agcaccttgg 3000
ggattatgct gggggtggag ggaatccatt gtcctcecccta gggagggcett gcagaacatg 3060
ttettttetg tgatatttgt actttcccca gattgcaaat catggtttgt acactgagat 3120
tcagtctctg gaggtaatat gecttttcta gcttttectt ggacaggact aaggggttga 3180
gggttgcetyg gagtcagaga aattaactgt gttaaagaag gttgatatga 3230
<210> SEQ ID NO 78
<211> LENGTH: 3637
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 78
ttggccacte cctetetgeg cgctegeteg cteactgagyg cegggcgace aaaggtegece 60
cgacgeccegg getttgecceg ggcggectca gtgagcgage gagegcegcayg agagggagtg 120
gccaactceca tcactagggg ttcectggagg ggtggagteg tgacgtgaat tacgtcatag 180
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ggttagggayg gtcctgcata tgcggecgca gcattagett ccatttatge agtgtaaatg 240
gtgagaacag ccccgactga atacccagag catcatcteg tctgtgtcat tcatgcacat 300
aacatatcte agcgaggtgg cccttetgte ctetttgeag agacccagece accatactag 360
tacctagaga actggctgga tttcagecce gataccteeg ggettttget catgttegee 420
tcatagggte atctgggtgg ttgcctaagg aaaagtatgt catggagact aacttgettg 480
gcattgaata aaaggtgagt tgagagtgga gcgtgtttaa attgcaatcc tgectctatt 540
tctgtgettyg cagggaacag tcatccttaa ttgctatcect ccatcatcat catgattatt 600
tetggttttt ctcetggttge ggagaatcca tactccaggt attccaatgt ctcagcattg 660
ccaggectgt ctgagegtca ggatgtaggt agtctggget ctetgectte tattettgte 720
caggatactc tgccaaaaga atcatgttgt ggctgccace ccteccacaa agcectcccge 780
ttgggtcagt ccaggactgg agttgggtat ggactgttca tgtctatcca ctgctacgte 840
agggcaacac ccactgagag tgaccttgta gactgcagtyg ggagacaccce ttcaaaacct 900
ctectetect gtcectgagag ccaggttaaa accatcagec cegecatcctyg agtgcaaact 960
tttcctaace ctgctgctaa gctagacacce tcacttactg agagccagca tgtccaccgce 1020
tgtgctggag aaccctgggce tggggaggaa actgtcagac ttcgggcagg agacttcata 1080
cattgaggat aactgtaacc agaatggcgc catctctetg atcttcagece tgaaggagga 1140
agtgggcgcece ctggcaaagg tgctgcgect gtttgaggag aacgacgtga atctgaccca 1200
catcgagtcce cggcctteta gactgaagaa ggacgagtac gagttcttta cccacctgga 1260
taagcggtcee ctgccagecce tgacaaacat catcaagatce ctgaggcacyg acatcggage 1320
aaccgtgcac gagctgtcte gggacaagaa gaaggatacc gtgccctggt tecctceggac 1380
aatccaggag ctggatagat ttgccaacca gatcctgtet tacggagcag agctggacgc 1440
agatcaccct ggcttcaagg acccagtgta tcgggcccegg agaaagcagt ttgccgatat 1500
cgcctacaat tataggcacg gacagccaat ccctecgegtg gagtatatgg aggaggagaa 1560
gaagacctygyg ggcacagtgt tcaagaccct gaagagectg tacaagacac acgcectgceta 1620
cgagtataac cacatcttcc ccctgctgga gaagtattgt ggctttcacg aggacaatat 1680
ccetecagetg gaggacgtga gecagttcect gcagacctge acaggcttta ggctgaggcece 1740
agtggcagga ctgctgagct cccgggactt cctgggagga ctggccttca gagtgtttca 1800
ctgcacccag tacatcaggc acggctccaa gecaatgtat acaccagage ccgacatctg 1860
tcacgagctg ctgggccacg tgcccectgtt tagcgataga tcecttegcce agttttecca 1920
ggagatcgga ctggcatcte tgggagcacc tgacgagtac atcgagaagc tggccaccat 1980
ctattggttc acagtggagt ttggcctgtg caagcagggc gatagcatca aggcctacgg 2040
agcaggactg ctgtctagcet tcggcgagct gcagtattgt ctgtccgaga agccaaagct 2100
getgececety gagetggaga agaccgcecat ccagaactac accgtgacag agttccagec 2160
cctgtactat gtggccgagt cttttaacga tgccaaggag aaggtgagaa atttcgccgce 2220
cacaatccct aggceccttceca gegtgcecggta cgacccttat acccagagga tcecgaggtgcet 2280
ggataataca cagcagctga agatcctggce tgactcaatc aatagcgaaa tcggaatcect 2340
gtgctcecgece ctgcagaaaa tcaaatgaga attcaaggcec tctcgagect ctagaactat 2400
agtgagtcgt attacgtaga tccagacatg ataagataca ttgatgagtt tggacaaacc 2460
acaactagaa tgcagtgaaa aaaatgcttt atttgtgaaa tttgtgatgc tattgcttta 2520
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tttgtaacca ttataagctyg caataaacaa gttaacaaca acaattgcat tcattttatg 2580
tttcaggttc agggggaggt gtgggaggtt ttttaagcett tacgtacgat cgtcgagcag 2640
ctgttgtecct ggagaacgga gtcctgagca gaaaactcectc agactttggg caggtaagcece 2700
tgttgggctt ccactgctag gagagaattg gttccccaca tgtgaaagca gtctgggaaa 2760
tgctggtatt tccagtctcecc taaggctact aagaaatatg actttattta gaggcgagga 2820
aaatgcccag gaagtcaact gatgagacta gtcttaacaa gttgaggata cagaaagttg 2880
gggatctgag ctgctaccaa catctgtgtg tectttgggtg getcattggt atcctctgece 2940
tattggcttt atcttctgta cactgaaagg aaatggctgg tccttagtca cctggggtgg 3000
gagtccctat ctectceccaggg atacttattc aatcctttet tetgggtatc aaaatgacaa 3060
gcttgtaaga aactgtccte ttteggettt caggaggtga tgtcgcatga agagaatttg 3120
ggggggggga cttactcaga accaaggagg gagaaattaa acagagaggg aaatgaacag 3180
gagttagccc ggagcctgaa gcaccttggg gattatgctyg ggggtggagg gaatccattg 3240
tceteectag ggagggcttyg cagaacatgt tcettttetgt gatatttgta ctttecccag 3300
attgcaaatc atggtttgta cactgagatt cagtctctgg aggtaatatg ccttttctag 3360
cttttecttg gacaggacta aggggttgag ggttgcctgg agtcagagaa atttgtgtta 3420
aagaaggttg atatgaaacc tgcaggtcta gatacgtaga taagtagcat ggcgggttaa 3480
tcattaacta caaggaaccc ctagtgatgg agttggccac tccctcectcectg cgecgeteget 3540
cgctcactga ggccgggega ccaaaggtceg cecgacgece gggcetttgee cgggeggect 3600
cagtgagcga gcgagcgcegce agagagggag tggccaa 3637
<210> SEQ ID NO 79
<211> LENGTH: 3776
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 79
agcattagcet tccatttatg cagtgtaaat ggtgagaaca gccccgactyg aatacccaga 60
gcatcatcte gtectgtgtca ttcatgcaca taacatatct cagcgaggtg geccttetgt 120
cctetttgea gagacccage caccatacta gtacctagag aactggcetgg atttcagcce 180
cgatacctee gggettttge tcatgttege ctecatagggt catctgggtyg gttgectaag 240
gaaaagtatyg tcatggagac taacttgctt ggcattgaat aaaaggtgag ttgagagtgg 300
agcgtgttta aattgcaatc ctgcctctat ttetgtgett gcagggaaca gtcatcctta 360
attgctatcce tccatcatca tcatgattat ttetggtttt tectcectggttg cggagaatcce 420
atactccagg tattccaatg tctcagecatt gecaggectyg tcetgagegte aggatgtagg 480
tagtctggge tctetgectt ctattcettgt ccaggatact ctgccaaaag aatcatgttg 540
tggctgccac cccteccaca aagcecteceg cttgggteag tcecaggactyg gagttgggta 600
tggactgtte atgtctatcce actgctacgt cagggcaaca cccactgaga gtgaccttgt 660
agactgcagt gggagacacc cttcaaaacc tctectctee tgtectgaga gccaggttaa 720
aaccatcagce cccgcatcct gagtgcaaac ttttectaac cctgctgcta agctagacac 780
cccacttact gagagccage ccctaaaatg ggcaaacatt gcaagcagca aacagcaaac 840
acacagccct ccctgectge tgaccttgga getggggcag aggtcagaga cctcetetggg 900
cccatgecac ctccaacatce cactcgaccce cttggaattt cggtggagag gagcagaggt 960
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tgtcctggeg tggtttaggt agtgtgagag gggaatgact ccttteggta agtgcagtgg 1020
aagctgtaca ctgcccaggce aaagcgtceceg ggcagcegtag gegggcgact cagatcccag 1080
ccagtggact tagcccctgt ttgctcectcee gataactggg gtgaccttgg ttaatattca 1140
ccagcagcct ccccegttge cectetggat ccactgetta aatacggacg aggacagggce 1200
cctgtetect cagcttcagg caccaccact gacctgggac agtgaatcct ctaaggtaaa 1260
tataaaattt ttaagtgtat aatgtgttaa actactgatt ctaattgttt ctctctttta 1320
gattccaacc tttggaactg accgccacca tgtccaccge tgtgctggag aaccctgggce 1380
tggggaggaa actgtcagac ttcgggcagg agacttcata cattgaggat aactgtaacc 1440
agaatggcgce catctctetg atcttcagce tgaaggagga agtgggcgcece ctggcaaagg 1500
tgctgcgect gtttgaggag aacgacgtga atctgaccca catcgagtcce cggecttcta 1560
gactgaagaa ggacgagtac gagttcttta cccacctgga taagcggtcc ctgccagecce 1620
tgacaaacat catcaagatc ctgaggcacg acatcggagc aaccgtgcac gagctgtctce 1680
gggacaagaa gaaggatacc gtgccctggt tccctecggac aatccaggag ctggatagat 1740
ttgccaacca gatcctgtet tacggagcag agctggacgce agatcaccct ggcttcaagg 1800
acccagtgta tcgggcccegg agaaagcagt ttgccgatat cgcectacaat tataggcacg 1860
gacagccaat ccctegegtg gagtatatgg aggaggagaa gaagacctgg ggcacagtgt 1920
tcaagaccct gaagagcctg tacaagacac acgcctgcta cgagtataac cacatcttcece 1980
ccetgetgga gaagtattgt ggctttcacg aggacaatat cectcagctg gaggacgtga 2040
gccagttect gcagacctge acaggcttta ggctgaggec agtggcagga ctgctgaget 2100
ccegggactt cctgggagga ctggecttca gagtgtttca ctgcacccag tacatcaggce 2160
acggctccaa gccaatgtat acaccagagce ccgacatctyg tcacgagetyg ctgggecacyg 2220
tgccectgtt tagcgataga tecttcegcecce agttttecca ggagatcgga ctggcatcte 2280
tgggagcacc tgacgagtac atcgagaagc tggccaccat ctattggttce acagtggagt 2340
ttggcctgtg caagcagggc gatagcatca aggcctacgg agcaggactg ctgtctaget 2400
tcggcgaget gcecagtattgt ctgtceccgaga agccaaagct getgcccctg gagctggaga 2460
agaccgccat ccagaactac accgtgacag agttccagec cctgtactat gtggccgagt 2520
cttttaacga tgccaaggag aaggtgagaa atttcgccgce cacaatccct aggcccttca 2580
gtgtgcgtta cgacccttat acccagagga tcgaggtgct ggataataca cagcagctga 2640
agatcctggce tgactcaatc aatagcgaaa tcggaatcct gtgctceccgece ctgcagaaaa 2700
tcaaatgaga attcaaggcc tctcgagcect ctagaactat agtgagtcgt attacgtaga 2760
tccagacatg ataagataca ttgatgagtt tggacaaacc acaactagaa tgcagtgaaa 2820
aaaatgcttt atttgtgaaa tttgtgatgc tattgcttta tttgtaacca ttataagctg 2880
caataaacaa gttaacaaca acaattgcat tcattttatg tttcaggttc agggggaggt 2940
gtgggaggtt ttttaagctt tacgtacgat cgtcgagcag ctgttgtcct ggagaacgga 3000
gtcctgagca gaaaactcte agactttggg caggtaagcec tgttgggett ccactgctag 3060
gagagaattg gttccccaca tgtgaaagca gtctgggaaa tgctggtatt tccagtcectcece 3120
taaggctact aagaaatatg actttattta gaggcgagga aaatgcccag gaagtcaact 3180
gatgagacta gtcttaacaa gttgaggata cagaaagttg gggatctgag ctgctaccaa 3240
catctgtgtg tectttgggtyg getcattggt atcctctgece tattggettt atcttetgta 3300
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cactgaaagg aaatggctgg tceccttagtca cctggggtgg gagtccecctat ctcectcecaggg 3360
atacttattc aatcctttet tetgggtatc aaaatgacaa gcttgtaaga aactgtcectce 3420
tttcggettt caggaggtga tgtcgcatga agagaatttg ggggggggga cttactcaga 3480
accaaggagg gagaaattaa acagagaggg aaatgaacag gagttagccce ggagcectgaa 3540
gcaccttggg gattatgctg ggggtggagg gaatccattg tectceccectag ggagggettyg 3600
cagaacatgt tcttttctgt gatatttgta ctttcceccag attgcaaatc atggtttgta 3660
cactgagatt cagtctctgg aggtaatatg ccttttctag cttttecttg gacaggacta 3720
aggggttgag ggttgcctgg agtcagagaa atttgtgtta aagaaggttg atatga 3776
<210> SEQ ID NO 80
<211> LENGTH: 4186
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 80
ttggccacte cctetetgeg cgctegeteg cteactgagyg cegggcgace aaaggtegece 60
cgacgeccegg getttgecceg ggcggectca gtgagcgage gagegcegcayg agagggagtg 120
gccaactceca tcactagggg ttcectggagg ggtggagteg tgacgtgaat tacgtcatag 180
ggttagggayg gtcctgcata tgcggecgca gcattagett ccatttatge agtgtaaatg 240
gtgagaacag ccccgactga atacccagag catcatcteg tctgtgtcat tcatgcacat 300
aacatatcte agcgaggtgg cccttetgte ctetttgeag agacccagece accatactag 360
tacctagaga actggctgga tttcagecce gataccteeg ggettttget catgttegee 420
tcatagggte atctgggtgg ttgcctaagg aaaagtatgt catggagact aacttgettg 480
gcattgaata aaaggtgagt tgagagtgga gcgtgtttaa attgcaatcc tgectctatt 540
tctgtgettyg cagggaacag tcatccttaa ttgctatcect ccatcatcat catgattatt 600
tetggttttt ctcetggttge ggagaatcca tactccaggt attccaatgt ctcagcattg 660
ccaggectgt ctgagegtca ggatgtaggt agtctggget ctetgectte tattettgte 720
caggatactc tgccaaaaga atcatgttgt ggctgccace ccteccacaa agcectcccge 780
ttgggtcagt ccaggactgg agttgggtat ggactgttca tgtctatcca ctgctacgte 840
agggcaacac ccactgagag tgaccttgta gactgcagtyg ggagacaccce ttcaaaacct 900
ctectetect gtcectgagag ccaggttaaa accatcagec cegecatcctyg agtgcaaact 960
tttcctaace ctgctgctaa gctagacacce ccacttactg agagccagcec cctaaaatgg 1020
gcaaacattyg caagcagcaa acagcaaaca cacagcccte cctgectget gaccttggag 1080
ctggggcaga ggtcagagac ctctctggge cecatgccace tccaacatce actcgaccce 1140
ttggaatttc ggtggagagg agcagaggtt gtcctggegt ggtttaggta gtgtgagagg 1200
ggaatgactc ctttcggtaa gtgcagtgga agctgtacac tgcccaggca aagcgtecgg 1260
gcagcgtagg cgggcgactce agatcccagce cagtggactt agcccctgtt tgctectecg 1320
ataactgggg tgaccttggt taatattcac cagcagcctc ccccecgttgece cctectggatce 1380
cactgcttaa atacggacga ggacagggcce ctgtctecte agcttcaggce accaccactg 1440
acctgggaca gtgaatcctce taaggtaaat ataaaatttt taagtgtata atgtgttaaa 1500
ctactgattc taattgtttc tcectcttttag attccaacct ttggaactga ccgccaccat 1560
gtccaccget gtgctggaga accctgggcet ggggaggaaa ctgtcagact tcgggcagga 1620
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gacttcatac attgaggata actgtaacca gaatggcgcc atctctcectga tcttcagect 1680
gaaggaggaa gtgggcgcce tggcaaaggt getgegectyg tttgaggaga acgacgtgaa 1740
tctgacccac atcgagtceccce ggcecttcectag actgaagaag gacgagtacg agttctttac 1800
ccacctggat aagcggtccce tgccagecct gacaaacatce atcaagatcce tgaggcacga 1860
catcggagca accgtgcacg agctgtctcg ggacaagaag aaggataccg tgccctggtt 1920
cceteggaca atccaggagce tggatagatt tgccaaccag atcctgtctt acggagcaga 1980
gctggacgca gatcaccctg gcttcaagga cccagtgtat cgggcccgga gaaagcagtt 2040
tgccgatatce gectacaatt ataggcacgg acagccaatc cctcegegtgg agtatatgga 2100
ggaggagaag aagacctggg gcacagtgtt caagaccctg aagagcctgt acaagacaca 2160
cgectgcetac gagtataacc acatcttcce cctgctggag aagtattgtg getttcacga 2220
ggacaatatc cctcagectgg aggacgtgag ccagttcctg cagacctgca caggctttag 2280
gctgaggceca gtggcaggac tgctgagetce ccgggactte ctgggaggac tggcecttceag 2340
agtgtttcac tgcacccagt acatcaggca cggctccaag ccaatgtata caccagagcce 2400
cgacatctgt cacgagctgc tgggccacgt gccectgttt agcgatagat ccttcgeccca 2460
gttttcececag gagatcggac tggcatctcect gggagcacct gacgagtaca tcgagaagcet 2520
ggccaccatce tattggttca cagtggagtt tggcctgtgce aagcagggcg atagcatcaa 2580
ggcctacgga gcaggactgce tgtctagett cggcgagctg cagtattgtce tgtccgagaa 2640
gccaaagetyg ctgecectgg agctggagaa gaccgecatce cagaactaca ccgtgacaga 2700
gttccageee ctgtactatg tggccgagtce ttttaacgat gccaaggaga aggtgagaaa 2760
tttecgeegee acaatccecta ggccecttcag tgtgegttac gacccttata cccagaggat 2820
cgaggtgctg gataatacac agcagctgaa gatcctggct gactcaatca atagcgaaat 2880
cggaatcctg tgctceccgece tgcagaaaat caaatgagaa ttcaaggcct ctcecgagectce 2940
tagaactata gtgagtcgta ttacgtagat ccagacatga taagatacat tgatgagttt 3000
ggacaaacca caactagaat gcagtgaaaa aaatgcttta tttgtgaaat ttgtgatgcet 3060
attgctttat ttgtaaccat tataagctgc aataaacaag ttaacaacaa caattgcatt 3120
cattttatgt ttcaggttca gggggaggtg tgggaggttt tttaagcttt acgtacgatc 3180
gtcgagcage tgttgtcctg gagaacggag tcctgagcag aaaactctca gactttggge 3240
aggtaagcct gttgggctte cactgctagg agagaattgg ttccccacat gtgaaagcag 3300
tctgggaaat gectggtattt ccagtctcecct aaggctacta agaaatatga ctttatttag 3360
aggcgaggaa aatgcccagg aagtcaactg atgagactag tcttaacaag ttgaggatac 3420
agaaagttgg ggatctgagc tgctaccaac atctgtgtgt ctttgggtgg ctcattggta 3480
tcetetgect attggcttta tettectgtac actgaaagga aatggctggt ccttagtcac 3540
ctggggtggg agtccctatce tcectccaggga tacttattca atcctttcett ctgggtatca 3600
aaatgacaag cttgtaagaa actgtcctct ttcggctttce aggaggtgat gtcgcatgaa 3660
gagaatttgyg ggggggggac ttactcagaa ccaaggaggg agaaattaaa cagagaggga 3720
aatgaacagg agttagcccg gagcctgaag caccttgggg attatgctgg gggtggaggg 3780
aatccattgt cctcectagg gagggcttge agaacatgtt cttttectgtg atatttgtac 3840
tttcececcaga ttgcaaatca tggtttgtac actgagattc agtctctgga ggtaatatgce 3900
cttttctage ttttecttgg acaggactaa ggggttgagg gttgcctgga gtcagagaaa 3960
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tttgtgttaa

gegggttaat

gegetegete

gggcggcctc

agaaggttga

cattaactac

gctcactgag

agtgagcgag

<210> SEQ ID NO 81
<211> LENGTH: 3713

<212> TYPE:

DNA

tatgaaacct

aaggaacccc

gccgggcgac

cgagcgegea

gcaggtctag atacgtagat aagtagcatg

tagtgatgga gttggccact ccctetetge

caaaggtcge ccgacgeccg ggetttgece

gagagggagt

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 81

gettcaggag

ctcttacatt

tctgaagtca

caacaaaaat

tcatataatt

caggcttetg

cgtegetece

cccececacace

tceggecagge

ggagatgcac

aaaaccttca

agagacctca

gcaggaaact

gaatttggge

tcagtaagaa

atgtcctcaa

aagcttctga

cagaggaagt

caccgetgtyg

ttcatacatt

ggaggaagtg

gacccacatce

cctggataag

cggagcaacc

tcggacaatce

ggacgcagat

cgatatcgec

ggagaagaag

ctgctacgag

caatatccct

gaggccagtg

cagttgtgeg

tgctctttac

gegecacagcea

ctaaatgaga

gttataccag

agagtccegyg

tggcttette

ctcecteage

tgcecctggec

cacgcaagag

gecccacgty

ctcecegggga

ctetgacttt

ctccagagaa

gtctgaatte

caattgttte

cctettetet

cttctaacat

ctggagaacc

gaggataact

ggCgCCCtgg

gagtccegge

cggteectge

gtgcacgage

caggagctgg

caccctgget

tacaattata

acctggggea

tataaccaca

cagctggagg

gcaggactge

aatagctgga

ctgetgtget

aggcagtgtg

atcctgactyg

acggtcgeag

aagtgcctaa

cctttaccca

ccctececte

tcctgegtea

acacccetttyg

ctgtttgcaa

gccageatgt

ggacaggtga

agagatctga

gttggaagct

taagtaggag

tccteccaca

geggtgacgt

ctgggctggg

gtaaccagaa

caaaggtgct

cttctagact

cagcectgac

tgtcteggga

atagatttge

tcaaggaccc

ggcacggaca

cagtgttcaa

tctteeceect

acgtgagcca

tgagcteeeg

gaacaccagg

cagcgttcac

cttagaggtt

tttcagctygy

gettagteca

acctgtctaa

dggcgggcayg

cggecegtec

ggacaacgce

taactctctt

acctgectgt

ccactgeggt

gccacggeag

agactgctygg

gatgagaata

aacatctgte

gggcggtacc

ggaggagaat

gaggaaactyg

tggcgecate

gegectgttt

gaagaaggac

aaacatcatc

caagaagaag

caaccagatc

agtgtatcgg

gccaatcect

gaccctgaag

gctggagaag

gttectgcag

ggacttccety

ggccaa

Synthetic polynucleotide

ctggatttaa

gtgccctceta

aacagaaggg

gggtaagggyg

attgcagaga

thangggC

cgaagtggtg

tgggcaggtyg

cacgaggggc

ctccteecta

acctgaggec

cctggaaaac

cctgagetge

tgcttectygy

tccaggaagt

ctceggtgget

agatctggca

cceggeccta

tcagacttecg

tctotgatet

daggagaacg

gagtacgagt

aagatcctga

gataccgtge

ctgtcttacy

geceggagaa

cgcgtggagt

agcctgtaca

tattgtgget

acctgcacag

ggaggactgg

acccagatcg

getgtagttt

aaaacaacaa

ggcggattat

actecgettee

ttgggtggcc

cctectgegt

acctggagca

gttactgtge

gtgcgaggtt

ctaaaaagcc

ccaggettygyg

tcagttaggyg

tttcataage

caacagacaa

ttcacaggaa

dcggagagygg

ggggtaccte

ggcaggagac

tcagcctgaa

acgtgaatct

tctttaccca

ggcacgacat

cctggttece

gagcagagct

agcagtttge

atatggagga

agacacacgce

ttcacgagga

getttagget

ccttcagagt

4020

4080

4140

4186

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860
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gtttcactge acccagtaca tcaggcacgg ctccaagcca atgtatacac cagagcccga 1920
catctgtcac gagctgctgg gccacgtgce cctgtttage gatagatcct tegeccagtt 1980
ttcccaggag atcggactgg catctcetggg agcacctgac gagtacatcg agaagctggce 2040
caccatctat tggttcacag tggagtttgg cctgtgcaag cagggcgata gcatcaaggc 2100
ctacggagca ggactgctgt ctagcttcgg cgagctgcag tattgtctgt ccgagaagcece 2160
aaagctgetg cccctggage tggagaagac cgecatccag aactacaccyg tgacagagtt 2220
ccagccecectg tactatgtgg ccgagtecttt taacgatgcc aaggagaagg tgagaaattt 2280
cgccgcecaca atccectagge ccecttcagegt gcggtacgac ccttatacce agaggatcga 2340
ggtgctggat aatacacagc agctgaagat cctggctgac tcaatcaata gcgaaatcgg 2400
aatcctgtge tccgeccctge agaaaatcaa aggtaagect atccctaacce ctetectegg 2460
tctecgattet acgtgatctt gtggaaagga cgaaacaccg gggaattcaa ggcctcectega 2520
gcctectagaa tcecccgagac gtttegtete gggatcacta tagtgagtcg tattacgtac 2580
acagtgcagg ggaaagaata gtagagatcc agacatgata agatacattg atgagtttgg 2640
acaaaccaca actagaatgc agtgaaaaaa atgctttatt tgtgaaattt gtgatgctat 2700
tgctttattt gtaaccatta taagctgcaa taaacaagtt aacaacaaca attgcattca 2760
ttttatgttt caggttcagg gggaggtgtg ggaggttttt taactgggat gggatgtgga 2820
atccttectag atttecttttyg taatatttat aaagtgctct cagcaaggta tcaaaatggce 2880
aaaattgtga gtaactatcc tcecctttcatt ttgggaagaa gatgaggcat gaagagaatt 2940
cagacagaaa cttactcaga ccaggggagg cagaaactaa gcagagagga aaatgaccaa 3000
gagttagcecce tgggcatgga atgtgaaaga accctaaacg tgacttggaa ataatgccca 3060
aggtatattc cattctccgg gatttgttgg cattttettg aggtgaagaa ttgcagaata 3120
cattctttaa tgtgacctac atatttaccc atgggaggaa gtctgctcct ggactcecttga 3180
gattcagtca taaagcccag gccagggaaa taatgtaagt ctgcaggccce ctgtcatcag 3240
taggattagg gagaagagtt ctcagtagaa aacagggagg ctggagagaa aagaatggtt 3300
aatgttaacg ttaatataac tagaaagact gcagaactta ggactgattt ttatttgaat 3360
ccttaaaaaa aaaatttctt atgaaaatag tacatggctc ttaggagaca gaacttattg 3420
tacagaggaa cagcgtgaga gtcagagtga tcccagaaca ggtcctggcet ccatcctgcea 3480
catagttttg gtgctgctgg caatacggtc cccacaactg tgggaagggg ttaggggcag 3540
ggatctcatc aggaaagcat aggggtttaa agttctttat agagcactta gaagattgag 3600
aatccacaaa ttatattaat aacaaacaaa gtagtgtcgt gttatatagt aaatgtgaat 3660
ttgcagacac atttagggaa aagttataat taaaaaaata ggctgtatat ata 3713
<210> SEQ ID NO 82
<211> LENGTH: 4139
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 82
ttggccacte cctetetgeg cgctegeteg cteactgagyg cegggcgace aaaggtegece 60
cgacgeccegg getttgecceg ggcggectca gtgagcgage gagegcegcayg agagggagtg 120
gccaactceca tcactagggg ttcectggagg ggtggagteg tgacgtgaat tacgtcatag 180
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ggttagggayg gtcctgcata tgcggecget tcaggagcag ttgtgcgaat agetggagaa 240
caccaggctyg gatttaaacc cagatcgete ttacatttge tcetttacctyg ctgtgetcag 300
cgttcacgtg ccctctaget gtagttttet gaagtcageg cacagcaagyg cagtgtgett 360
agaggttaac agaagggaaa acaacaacaa caaaaatcta aatgagaatc ctgactgttt 420
cagcetggggg taaggggggce ggattattca tataattgtt ataccagacyg gtcgcaggcet 480
tagtccaatt gcagagaact cgcttcccag gettetgaga gteccggaag tgcctaaace 540
tgtctaateg acggggettyg ggtggecegt cgetccectgg cttettecect ttacccaggg 600
cgggcagcega agtggtgect cctgegtece cecacacccte cctecageccee tccectecegg 660
ccegtectgg gcaggtgace tggagcatce ggcaggetge ccetggectece tgcgtcagga 720
caacgcccac gaggggegtt actgtgegga gatgcaccac gcaagagaca ccctttgtaa 780
ctetettete ctcectagtyg cgaggttaaa accttcagec ccacgtgetyg tttgcaaacce 840
tgcctgtace tgaggcccta aaaagccaga gacctcacte ceggggagece agcatgtcca 900
ctgcggtect ggaaaaccca ggcttgggea ggaaactcte tgactttgga caggtgagece 960
acggcagcct gagctgctca gttaggggaa tttgggectce cagagaaaga gatctgaaga 1020
ctgctggtge ttcecctggttt cataagctca gtaagaagtc tgaattcgtt ggaagctgat 1080
gagaatatcc aggaagtcaa cagacaaatg tcctcaacaa ttgtttctaa gtaggagaac 1140
atctgtecte ggtggcttte acaggaaaag cttcectgacct cttcectecttece teccacaggg 1200
cggtaccaga tctggcagceg gagagggcag aggaagtcectt ctaacatgcg gtgacgtgga 1260
ggagaatcce ggccectaggg gtacctceccac cgetgtgetg gagaaccctg ggetggggag 1320
gaaactgtca gacttcgggce aggagacttc atacattgag gataactgta accagaatgg 1380
cgccatcectet ctgatcttca gectgaagga ggaagtgggce gecctggcaa aggtgctgeg 1440
cctgtttgag gagaacgacg tgaatctgac ccacatcgag tcccggcectt ctagactgaa 1500
gaaggacgag tacgagttct ttacccacct ggataagcgg tceccctgccag ccctgacaaa 1560
catcatcaag atcctgaggc acgacatcgg agcaaccgtyg cacgagcetgt ctcgggacaa 1620
gaagaaggat accgtgccct ggttcceccteg gacaatccag gagctggata gatttgcecaa 1680
ccagatcctg tecttacggag cagagctgga cgcagatcac cctggcttca aggacccagt 1740
gtatcgggcec cggagaaagc agtttgccga tatcgcecctac aattataggc acggacagcce 1800
aatccctege gtggagtata tggaggagga gaagaagacc tggggcacag tgttcaagac 1860
cctgaagagce ctgtacaaga cacacgcctg ctacgagtat aaccacatct tcecccctget 1920
ggagaagtat tgtggctttc acgaggacaa tatccctcag ctggaggacg tgagccagtt 1980
cctgcagacce tgcacaggct ttaggctgag gccagtggca ggactgctga getcceccggga 2040
cttcectggga ggactggect tcagagtgtt tcactgcacc cagtacatca ggcacggctce 2100
caagccaatg tatacaccag agcccgacat ctgtcacgag ctgctgggcce acgtgcccect 2160
gtttagcgat agatccttcg cccagtttte ccaggagatc ggactggcat ctetgggagce 2220
acctgacgag tacatcgaga agctggccac catctattgg ttcacagtgg agtttggect 2280
gtgcaagcag ggcgatagca tcaaggccta cggagcagga ctgctgtcta gctteggega 2340
gctgcagtat tgtcectgtccg agaagccaaa gctgctgcece ctggagetgg agaagaccgce 2400
catccagaac tacaccgtga cagagttcca gccecctgtac tatgtggccg agtcttttaa 2460
cgatgccaag gagaaggtga gaaatttcgc cgccacaatc cctaggccct tcagegtgeg 2520
gtacgaccct tatacccaga ggatcgaggt gctggataat acacagcagc tgaagatcect 2580
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ggctgactca atcaatagcg aaatcggaat cctgtgctec gecctgcaga aaatcaaagg 2640
taagcctatc cctaacccte tecteggtcet cgattctacg tgatcttgtg gaaaggacga 2700
aacaccgggg aattcaaggc ctctcgagcce tctagaatcce ccgagacgtt tegtceteggg 2760
atcactatag tgagtcgtat tacgtacaca gtgcagggga aagaatagta gagatccaga 2820
catgataaga tacattgatg agtttggaca aaccacaact agaatgcagt gaaaaaaatg 2880
ctttatttgt gaaatttgtg atgctattgc tttatttgta accattataa gctgcaataa 2940
acaagttaac aacaacaatt gcattcattt tatgtttcag gttcaggggg aggtgtggga 3000
ggttttttaa ctgggatggg atgtggaatc cttctagatt tcecttttgtaa tatttataaa 3060
gtgctctcag caaggtatca aaatggcaaa attgtgagta actatcctcc tttcattttg 3120
ggaagaagat gaggcatgaa gagaattcag acagaaactt actcagacca ggggaggcag 3180
aaactaagca gagaggaaaa tgaccaagag ttagccctgg gcatggaatyg tgaaagaacce 3240
ctaaacgtga cttggaaata atgcccaagg tatattccat tctccgggat ttgttggcat 3300
tttcttgagg tgaagaattyg cagaatacat tctttaatgt gacctacata tttacccatg 3360
ggaggaagtc tgctcctgga ctcecttgagat tcagtcataa agcccaggcece agggaaataa 3420
tgtaagtctg caggccccetg tcatcagtag gattagggag aagagttctce agtagaaaac 3480
agggaggctg gagagaaaag aatggttaat gttaacgtta atataactag aaagactgca 3540
gaacttagga ctgattttta tttgaatcct taaaaaaaaa atttcttatg aaaatagtac 3600
atggctcectta ggagacagaa cttattgtac agaggaacag cgtgagagtc agagtgatcc 3660
cagaacaggt cctggctcca tecctgcacat agttttggtg ctgctggcaa tacggtcccce 3720
acaactgtgg gaaggggtta ggggcaggga tctcatcagg aaagcatagg ggtttaaagt 3780
tctttataga gcacttagaa gattgagaat ccacaaatta tattaataac aaacaaagta 3840
gtgtcgtgtt atatagtaaa tgtgaatttg cagacacatt tagggaaaag ttataattaa 3900
aaaaataggc tgtatatata ctagatacgt agataagtag cctgcaggtc tagatacgta 3960
gataagtagc atggcgggtt aatcattaac tacaaggaac ccctagtgat ggagttggece 4020
actcectete tgcgegeteg ctegctcact gaggeceggge gaccaaaggt cgcccgacge 4080
cegggetttyg cccgggegge ctcagtgage gagcgagege gcagagaggyg agtggcecaa 4139
<210> SEQ ID NO 83
<211> LENGTH: 1353
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 83
tccaccgetyg tgctggagaa ccctgggetyg gggaggaaac tgtcagactt cgggcaggag 60
acttcataca ttgaggataa ctgtaaccag aatggcgcca tctctctgat cttcagectg 120
aaggaggaag tgggcgecct ggcaaaggtg ctgcgectgt ttgaggagaa cgacgtgaat 180
ctgacccaca tcgagtccceg gecttctaga ctgaagaagg acgagtacga gttctttace 240
cacctggata agcggtccct gecageectg acaaacatca tcaagatcct gaggcacgac 300
atcggagcaa ccgtgcacga getgtctegg gacaagaaga aggataccegt gccctggtte 360
ccteggacaa tccaggagcet ggatagattt gecaaccaga tectgtcetta cggagcagag 420
ctggacgcag atcaccctgg cttcaaggac ccagtgtate gggcccggag aaagcagttt 480
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gecgatateg

daggagaaga

gectgetacy

gacaatatcc

ctgaggccag

gtgtttcact

gacatctgte

ttttecccagy

gccaccatcet

gectacggag

ccaaagctge

ttccagecce

ttcgeegeca

gaggtgctgg

ggaatcctgt

cctacaatta

agacctgggg

agtataacca

ctcagetgga

tggcaggact

gcacccagta

acgagetget

agatcggact

attggttcac

caggactgct

tgccecctgga

tgtactatgt

caatccctag

ataatacaca

getecgeect

<210> SEQ ID NO 84
<211> LENGTH: 800

<212> TYPE

: DNA

taggcacgga

cacagtgtte

catcttecce

ggacgtgagc

getgagetee

catcaggcac

gggCCantg

ggcatctety

agtggagttt

gtctagette

gctggagaag

ggcegagtet

geccttcage

gcagctgaag

gcagaaaatc

cagccaatce

aagaccctga

ctgctggaga

cagttectge

cgggacttee

ggctccaage

ccecctgttta

ggagcacctyg

ggcetgtgea

ggcgagctgc

accgeccatee

tttaacgatg

gtgcggtacg

atcctggetyg

aaa

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 84

agcattagct

gcatcatcte

cctetttgea

cgatacctee

gaaaagtatg

agcgtgttta

attgctatce

atactccagg

tagtctggge

tggctgecac

tggactgtte

agactgcagt

aaccatcage

ctcacttact

tccatttatg

gtctgtgtcea

gagacccage

gggettttge

tcatggagac

aattgcaatc

tccatcatca

tattccaatg

tctetgectt

cccteccaca

atgtctatcc

gggagacacc

ccegeatect

gagagccage

<210> SEQ ID NO 85
<211> LENGTH: 800

<212> TYPE

: DNA

cagtgtaaat
ttcatgcaca
caccatacta
tcatgttege
taacttgett
ctgectetat
tcatgattat
tctcageatt
ctattettgt
aagccteeeg
actgctacgt
cttcaaaacc

gagtgcaaac

ggtgagaaca
taacatatct
gtacctagag
ctcatagggt
ggcattgaat
ttctgtgett
ttetggtttt
gccaggecty
ccaggatact
cttgggtcag
cagggcaaca
tctectetee

ttttcctaac

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION:

<400> SEQUENCE: 85

ctcgegtgga gtatatggag
agagcctgta caagacacac
agtattgtgg ctttcacgag
agacctgcac aggctttagg
tgggaggact ggccttcaga
caatgtatac accagagccc
gegatagate cttegeccag
acgagtacat cgagaagctg
agcagggcga tagcatcaag
agtattgtct gtccgagaag
agaactacac cgtgacagag
ccaaggagaa ggtgagaaat
acccttatac ccagaggatce

actcaatcaa tagcgaaatc

Synthetic polynucleotide

gececgactyg aatacccaga

cagcgaggtyg geecttetgt

aactggctgg atttcagece

catctgggtyg gttgectaag

aaaaggtgag ttgagagtgg

gcagggaaca gtcatcctta

tctetggtty cggagaatce

tctgagegte aggatgtagg

ctgccaaaag aatcatgttyg

tccaggactyg gagttgggta

cccactgaga gtgaccttgt

tgtcctgaga gccaggttaa

cctgetgeta agctagacac

Synthetic polynucleotide

agcattagct tccatttatg cagtgtaaat ggtgagaaca gecccgactg aatacccaga

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1353

60

120

180

240

300

360

420

480

540

600

660

720

780

800

60
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gcatcatcte gtectgtgtca ttcatgcaca taacatatct cagcgaggtg geccttetgt 120
cctetttgea gagacccage caccatacta gtacctagag aactggcetgg atttcagcce 180
cgatacctee gggettttge tcatgttege ctecatagggt catctgggtyg gttgectaag 240
gaaaagtatyg tcatggagac taacttgctt ggcattgaat aaaaggtgag ttgagagtgg 300
agcgtgttta aattgcaatc ctgcctctat ttetgtgett gcagggaaca gtcatcctta 360
attgctatcce tccatcatca tcatgattat ttetggtttt tectcectggttg cggagaatcce 420
atactccagg tattccaatg tctcagecatt gecaggectyg tcetgagegte aggatgtagg 480
tagtctggge tctetgectt ctattcettgt ccaggatact ctgccaaaag aatcatgttg 540
tggctgccac cccteccaca aagcecteceg cttgggteag tcecaggactyg gagttgggta 600
tggactgtte atgtctatcce actgctacgt cagggcaaca cccactgaga gtgaccttgt 660
agactgcagt gggagacacc cttcaaaacc tctectctee tgtectgaga gccaggttaa 720
aaccatcagce cccgcatcct gagtgcaaac ttttectaac cctgctgcta agctagacac 780
cccacttact gagagccagce 800
<210> SEQ ID NO 86
<211> LENGTH: 800
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic polynucleotide
<400> SEQUENCE: 86
gcagetgttyg tectggagaa cggagtcctg agcagaaaac tctcagactt tgggcaggta 60
agcctgttgg gettecactyg ctaggagaga attggttcecee cacatgtgaa agcagtcetgg 120
gaaatgctygyg tatttccagt ctcctaaggce tactaagaaa tatgacttta tttagaggeg 180
aggaaaatgc ccaggaagtc aactgatgag actagtctta acaagttgag gatacagaaa 240
gttggggate tgagctgcta ccaacatctg tgtgtetttyg ggtggetcat tggtatccte 300
tgcctattgg ctttatctte tgtacactga aaggaaatgg ctggtcctta gtcacctggg 360
gtgggagtcee ctatctctece agggatactt attcaatcct ttettetggg tatcaaaatg 420
acaagcttgt aagaaactgt cctcectttegg ctttcaggag gtgatgtege atgaagagaa 480
tttggggggy gggacttact cagaaccaag gagggagaaa ttaaacagag agggaaatga 540
acaggagtta gcccggagcece tgaagcacct tggggattat getgggggtyg gagggaatce 600
attgtcctece ctagggaggg cttgcagaac atgttctttt ctgtgatatt tgtactttce 660
ccagattgca aatcatggtt tgtacactga gattcagtct ctggaggtaa tatgectttt 720
ctagetttte cttggacagg actaaggggt tgagggttge ctggagtcag agaaatttgt 780
gttaaagaag gttgatatga 800

We claim: 5'to the target locus; and (iii) a 3' homology arm nucleotide

1. A recombinant adeno-associated virus (rAAV) com-
prising: (a) an AAV capsid comprising an AAV capsid
protein; and (b) an rAAV genome comprising: (1) an editing
element for editing a target locus in a phenylalanine
hydroxylase (PAH) gene, comprising a PAH coding
sequence operably linked to a transcriptional regulatory
element, wherein the PAH coding sequence comprises the
nucleotide sequence set forth in SEQ ID NO: 28; (ii) a §'
homology arm nucleotide sequence positioned 5' of the
editing element, having homology to a first genomic region

60

65

sequence positioned 3' of the editing element, having homol-
ogy to a second genomic region 3' to the target locus.

2. The rAAV of claim 1, wherein the transcriptional
regulatory element is capable of mediating transcription in a
hepatocyte, a renal cell, a brain cell, a pituitary gland cell, an
adrenal gland cell, a pancreatic cell, a urinary bladder cell,
a gallbladder cell, a colon cell, a small intestine cell, or a
breast cell, optionally wherein:

the transcriptional regulatory element is endogenous to

the PAH gene; or
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the transcriptional regulatory element is exogenous to the
PAH gene, optionally wherein:
the transcriptional regulatory element is liver specific,
optionally wherein the transcriptional regulatory ele-
ment comprises one or more elements selected from
the group consisting of a human albumin promoter,
a human transthyretin (TTR) promoter, a human
ApoE/C-I hepatic control region (HCR) 1 or 2, a
human ApoH promoter, a human SERPINAL1
(hAAT) promoter, and a hepatic specific regulatory
module thereof;
the transcriptional regulatory eclement comprises a
nucleotide sequence at least 90% identical to a
sequence selected from the group consisting of SEQ
ID NO: 25, 26, 27, and 69;
the transcriptional regulatory eclement comprises a
nucleotide sequence at least 90% identical to the
nucleotide sequence set forth in SEQ ID NO: 27;
the transcriptional regulatory element comprises the
nucleotide sequence set forth in SEQ ID NO: 27; or
the nucleotide sequence of the transcriptional regulatory
element consists of the nucleotide sequence set forth in
SEQ ID NO: 27.
3. The rAAV of claim 1, wherein the editing element
further comprises an intron element positioned 5' to the PAH
coding sequence and 3' to the transcriptional regulatory
element, optionally wherein the intron element is an exog-
enous intron element, optionally an SV40 intron element,
optionally wherein:
the SV40 intron element comprises a nucleotide sequence
at least 90% identical to the nucleotide sequence set
forth in SEQ ID NO: 29;

the SV40 intron element comprises the nucleotide
sequence set forth in SEQ ID NO: 29; or the nucleotide
sequence of the SV40 intron element consists of the
nucleotide sequence set forth in SEQ ID NO: 29.
4. The rAAV of claim 1, wherein the editing element
further comprises a polyadenylation sequence 3' to the PAH
coding sequence, optionally wherein the polyadenylation
sequence is an exogenous polyadenylation sequence, option-
ally an SV40 polyadenylation sequence, optionally wherein
the SV40 polyadenylation sequence comprises a nucleo-
tide sequence at least 90% identical to the nucleotide
sequence set forth in SEQ ID NO: 31;

the SV40 polyadenylation sequence comprises the
nucleotide sequence set forth in SEQ ID NO: 31; or

the nucleotide sequence of the SV40 polyadenylation
sequence consists of the nucleotide sequence set forth
in SEQ ID NO: 31.

5. The rAAV of claim 1, wherein:

the nucleotide sequence 5' to the target locus is in an
intron of a PAH gene, optionally in intron 1 of a PAH
gene; and/or

the nucleotide sequence 3' to the target locus is in an

intron of a PAH gene, optionally in intron 1 of a PAH
gene.

6. The rAAV of claim 1, wherein the PAH gene is a human
PAH gene, optionally wherein the human PAH gene is
wild-type or a variant PAH gene.

7. The rAAV of claim 1, wherein the editing element
comprises a nucleotide sequence selected from the group
consisting of SEQ ID NO: 25, 26, 27, 29, 31, 50, 51, 52, 69,
and 70.

8. The rAAV of claim 1, wherein:

the 5' homology arm nucleotide sequence is at least 90%

identical to the first genomic region;
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the 3' homology arm nucleotide sequence is at least 90%

identical to the second genomic region;

the first genomic region is located in a first editing

window, and the second genomic region is located in a

second editing window, optionally wherein:

the first editing window consists of the region of the
human genome corresponding to the nucleotide
sequence set forth in SEQ 1D NO: 37;

the second editing window consists of the region of the
human genome corresponding to the nucleotide
sequence set forth in SEQ ID NO: 38;

the first genomic region consists of the region of the
human genome corresponding to the nucleotide
sequence set forth in SEQ ID NO: 37; and/or
the second genomic region consists of the region of the
human genome corresponding to the nucleotide
sequence set forth in SEQ ID NO: 38.

9. The rAAV of claim 1, wherein:

each of the 5' and the 3' homology arm nucleotide
sequences independently has a length of about 100 to
about 2000 nucleotides;

the 5'homology arm comprises a nucleotide sequence that

is at least 90% identical to the nucleotide sequence set
forth in SEQ ID NO: 23;
the nucleotide sequence of the 5' homology arm consists
of the nucleotide sequence set forth in SEQ 1D NO: 23;
the 3' homology arm comprises a nucleotide sequence that
is at least 90% identical to the nucleotide sequence set
forth in SEQ ID NO: 24; and/or
the nucleotide sequence of the 3' homology arm consists
of the nucleotide sequence set forth in SEQ ID NO: 24.

10. The rAAV of claim 1, wherein the rAAV genome
comprises a nucleotide sequence that is at least 85% iden-
tical to the nucleotide sequence set forth in SEQ ID NO: 43.

11. The rAAV of claim 1, wherein the rAAV genome
further comprises a 5' inverted terminal repeat (5' ITR)
nucleotide sequence 5' of the 5' homology arm nucleotide
sequence, and a 3' inverted terminal repeat (3' ITR) nucleo-
tide sequence 3' of the 3' homology arm nucleotide
sequence, optionally wherein:

the 5' ITR nucleotide sequence is at least 85% identical to

the nucleotide sequence set forth in SEQ ID NO: 14,
and/or the 3' ITR nucleotide sequence is at least 85%
identical to the nucleotide sequence set forth in SEQ ID
NO: 18; and/or

the rAAV genome comprises the nucleotide sequence set

forth in SEQ ID NO: 73, 74, 75, or 76.

12. The rAAV of claim 1, wherein the rAAV genome
comprises a nucleotide sequence that is at least 85% iden-
tical to the nucleotide sequence set forth in SEQ ID NO: 45.

13. The rAAV of claim 1, wherein:

the AAV capsid protein comprises an amino acid sequence

that is at least 95% identical to the amino acid sequence
of amino acids 203-736 of SEQ ID NO: 1, 2,3, 4, 5, 6,
7,8,9,10, 11,12, 13, 15, 16, or 17, optionally wherein:

(1) the amino acid in the capsid protein corresponding to

amino acid 206 of SEQ ID NO: 16 is C; the amino acid
in the capsid protein corresponding to amino acid 296
of SEQ ID NO: 16 is H; the amino acid in the capsid
protein corresponding to amino acid 312 of SEQ ID
NO: 16 is Q; the amino acid in the capsid protein
corresponding to amino acid 346 of SEQ ID NO: 16 is
A; the amino acid in the capsid protein corresponding
to amino acid 464 of SEQ ID NO: 16 is N; the amino
acid in the capsid protein corresponding to amino acid
468 of SEQ ID NO: 16 is S; the amino acid in the
capsid protein corresponding to amino acid 501 of SEQ
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ID NO: 16 is I; the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is
R; the amino acid in the capsid protein corresponding
to amino acid 590 of SEQ ID NO: 16 is R; the amino
acid in the capsid protein corresponding to amino acid
626 of SEQ ID NO: 16 is Gor Y; the amino acid in the
capsid protein corresponding to amino acid 681 of SEQ
ID NO: 16 is M; the amino acid in the capsid protein
corresponding to amino acid 687 of SEQ ID NO: 16 is
R; the amino acid in the capsid protein corresponding
to amino acid 690 of SEQ ID NO: 16 is K; the amino
acid in the capsid protein corresponding to amino acid
706 of SEQ ID NO: 16 is C; or, the amino acid in the
capsid protein corresponding to amino acid 718 of SEQ
ID NO: 16 is G,

(ii) (a) the amino acid in the capsid protein corresponding
to amino acid 626 of SEQ ID NO: 16 is G, and the
amino acid in the capsid protein corresponding to
amino acid 718 of SEQ ID NO: 16 is G; (b) the amino
acid in the capsid protein corresponding to amino acid
296 of SEQ ID NO: 16 is H, the amino acid in the
capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is
R, and the amino acid in the capsid protein correspond-
ing to amino acid 681 of SEQ ID NO: 16 is M; (c) the
amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino
acid in the capsid protein corresponding to amino acid
687 of SEQ ID NO: 16 is R; (d) the amino acid in the
capsid protein corresponding to amino acid 346 of SEQ
ID NO: 16 is A, and the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is
R; or (e) the amino acid in the capsid protein corre-
sponding to amino acid 501 of SEQ ID NO: 16 is I, the
amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino
acid in the capsid protein corresponding to amino acid
706 of SEQ ID NO: 16 is C; and/or

(iii) the capsid protein comprises the amino acid sequence
of amino acids 203-736 of SEQ ID NO: 1, 2, 3, 4, 5, 6,
7, 8,9, 10, 11, 12, 13, 15, 16, or 17,
the AAV capsid protein comprises an amino acid

sequence that is at least 95% identical to the amino
acid sequence of amino acids 138-736 of SEQ ID
NO: 1, 2,3,4,5,6,7,8,9,10, 11, 12, 13, 15, 16, or
17, optionally wherein:

(1) the amino acid in the capsid protein corresponding to
amino acid 151 of SEQ ID NO: 16 is R; the amino acid
in the capsid protein corresponding to amino acid 160
of SEQ ID NO: 16 is D; the amino acid in the capsid
protein corresponding to amino acid 206 of SEQ ID
NO: 16 is C; the amino acid in the capsid protein
corresponding to amino acid 296 of SEQ ID NO: 16 is
H; the amino acid in the capsid protein corresponding
to amino acid 312 of SEQ ID NO: 16 is Q; the amino
acid in the capsid protein corresponding to amino acid
346 of SEQ ID NO: 16 is A; the amino acid in the
capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N; the amino acid in the capsid protein
corresponding to amino acid 468 of SEQ ID NO: 16 is
S; the amino acid in the capsid protein corresponding to
amino acid 501 of SEQ ID NO: 16 is I; the amino acid
in the capsid protein corresponding to amino acid 505
of SEQ ID NO: 16 is R; the amino acid in the capsid
protein corresponding to amino acid 590 of SEQ ID
NO: 16 is R; the amino acid in the capsid protein
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corresponding to amino acid 626 of SEQ ID NO: 16 is
G or Y; the amino acid in the capsid protein corre-
sponding to amino acid 681 of SEQ ID NO: 16 is M;
the amino acid in the capsid protein corresponding to
amino acid 687 of SEQ ID NO: 16 is R; the amino acid
in the capsid protein corresponding to amino acid 690
of SEQ ID NO: 16 is K; the amino acid in the capsid
protein corresponding to amino acid 706 of SEQ ID
NO: 16 is C; or, the amino acid in the capsid protein
corresponding to amino acid 718 of SEQ ID NO: 16 is
G.

(ii) (a) the amino acid in the capsid protein corresponding

to amino acid 626 of SEQ ID NO: 16 is G, and the
amino acid in the capsid protein corresponding to
amino acid 718 of SEQ ID NO: 16 is G; (b) the amino
acid in the capsid protein corresponding to amino acid
296 of SEQ ID NO: 16 is H, the amino acid in the
capsid protein corresponding to amino acid 464 of SEQ
ID NO: 16 is N, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is
R, and the amino acid in the capsid protein correspond-
ing to amino acid 681 of SEQ ID NO: 16 is M; (c) the
amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino
acid in the capsid protein corresponding to amino acid
687 of SEQ ID NO: 16 is R; (d) the amino acid in the
capsid protein corresponding to amino acid 346 of SEQ
ID NO: 16 is A, and the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is
R; or (e) the amino acid in the capsid protein corre-
sponding to amino acid 501 of SEQ ID NO: 16 is 1, the
amino acid in the capsid protein corresponding to
amino acid 505 of SEQ ID NO: 16 is R, and the amino
acid in the capsid protein corresponding to amino acid
706 of SEQ ID NO: 16 is C; and/or

(ii1) the capsid protein comprises the amino acid sequence

of amino acids 138-736 of SEQ ID NO: 1, 2,3, 4, 5, 6,
7,9, 10, 11, 12, 13, 15, 16, or 17; and/or

the AAV capsid protein comprises an amino acid sequence

that is at least 95% identical to the amino acid sequence
of amino acids 1-736 of SEQ ID NO: 1, 2, 3, 4, 5, 6,
7,8,9,10, 11,12, 13, 15, 16, or 17, optionally wherein:

(1) the amino acid in the capsid protein corresponding to

amino acid 2 of SEQ ID NO: 16 is T; the amino acid
in the capsid protein corresponding to amino acid 65 of
SEQ ID NO: 16 is I; the amino acid in the capsid
protein corresponding to amino acid 68 of SEQ ID NO:
16 is V; the amino acid in the capsid protein corre-
sponding to amino acid 77 of SEQ ID NO: 16 is R; the
amino acid in the capsid protein corresponding to
amino acid 119 of SEQ ID NO: 16 is L; the amino acid
in the capsid protein corresponding to amino acid 151
of SEQ ID NO: 16 is R; the amino acid in the capsid
protein corresponding to amino acid 160 of SEQ ID
NO: 16 is D; the amino acid in the capsid protein
corresponding to amino acid 206 of SEQ ID NO: 16 is
C; the amino acid in the capsid protein corresponding
to amino acid 296 of SEQ ID NO: 16 is H; the amino
acid in the capsid protein corresponding to amino acid
312 of SEQ ID NO: 16 is Q;
the amino acid in the capsid protein corresponding to
amino acid 346 of SEQ ID NO: 16 is A; the amino
acid in the capsid protein corresponding to amino
acid 464 of SEQ ID NO: 16 is N; the amino acid in
the capsid protein corresponding to amino acid 468
of SEQ ID NO: 16 is S; the amino acid in the capsid
protein corresponding to amino acid 501 of SEQ ID
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NO: 16 is I; the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16
is R; the amino acid in the capsid protein correspond-
ing to amino acid 590 of SEQ ID NO: 16 is R; the
amino acid in the capsid protein corresponding to
amino acid 626 of SEQ ID NO: 16 is G or Y; the
amino acid in the capsid protein corresponding to
amino acid 681 of SEQ ID NO: 16 is M; the amino
acid in the capsid protein corresponding to amino
acid 687 of SEQ ID NO: 16 is R; the amino acid in
the capsid protein corresponding to amino acid 690
of SEQ ID NO: 16 is K; the amino acid in the capsid
protein corresponding to amino acid 706 of SEQ ID
NO: 16 is C; or, the amino acid in the capsid protein
corresponding to amino acid 718 of SEQ ID NO: 16
is G;

(ii) (a) the amino acid in the capsid protein corresponding
to amino acid 2 of SEQ ID NO: 16 is T, and the amino
acid in the capsid protein corresponding to amino acid
312 of SEQ ID NO: 16 is Q; (b) the amino acid in the
capsid protein corresponding to amino acid 65 of SEQ
ID NO: 16 is 1, and the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is
Y; (c) the amino acid in the capsid protein correspond-
ing to amino acid 77 of SEQ ID NO: 16 is R, and the
amino acid in the capsid protein corresponding to
amino acid 690 of SEQ ID NO: 16 is K; (d) the amino
acid in the capsid protein corresponding to amino acid
119 of SEQ ID NO: 16 is L, and the amino acid in the
capsid protein corresponding to amino acid 468 of SEQ
ID NO: 16 is S; (e) the amino acid in the capsid protein
corresponding to amino acid 626 of SEQ ID NO: 16 is
G, and the amino acid in the capsid protein correspond-
ing to amino acid 718 of SEQ ID NO: 16 is G; (f) the
amino acid in the capsid protein corresponding to
amino acid 296 of SEQ ID NO: 16 is H, the amino acid
in the capsid protein corresponding to amino acid 464
of SEQ ID NO: 16 is N, the amino acid in the capsid
protein corresponding to amino acid 505 of SEQ ID
NO: 16 is R, and the amino acid in the capsid protein
corresponding to amino acid 681 of SEQ ID NO: 16 is
M; (g) the amino acid in the capsid protein correspond-
ing to amino acid 505 of SEQ ID NO: 16 is R, and the
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amino acid in the capsid protein corresponding to
amino acid 687 of SEQ ID NO: 16 is R; (h) the amino
acid in the capsid protein corresponding to amino acid
346 of SEQ ID NO: 16 is A, and the amino acid in the
5 capsid protein corresponding to amino acid 505 of SEQ
ID NO: 16 is R; or (i) the amino acid in the capsid
protein corresponding to amino acid 501 of SEQ ID
NO: 16 is I, the amino acid in the capsid protein
corresponding to amino acid 505 of SEQ ID NO: 16 is

10 R, and the amino acid in the capsid protein correspond-
ing to amino acid 706 of SEQ ID NO: 16 is C; and/or
(ii1) the capsid protein comprises the amino acid sequence
of amino acids 1-736 of SEQ ID NO: 1, 2, 3, 4, 5, 6,
s 7, 8,9, 10, 11, 12, 13, 15, 16, or 17.

14. A pharmaceutical composition comprising an rAAV of
claim 1.

15. The rAAV of claim 1, wherein the editing element
comprises a nucleotide sequence that is at least 85% iden-
tical to the nucleotide sequence set forth in SEQ ID NO: 52.

16. The rAAV of claim 1, comprising:

(a) an AAV capsid comprising: a capsid protein compris-
ing the amino acid sequence of amino acids 203-736 of
SEQ ID NO: 16; a capsid protein comprising the amino
acid sequence of amino acids 138-736 of SEQ ID NO:
16; and/or a capsid protein comprising the amino acid
sequence of amino acids 1-736 of SEQ ID NO: 16; and

(b) an rAAV genome comprising a nucleotide sequence
that is at least 85% identical to the nucleotide sequence
set forth in SEQ ID NO: 43.

17. The rAAV of claim 1, comprising:

(a) an AAV capsid comprising: a capsid protein compris-
ing the amino acid sequence of amino acids 203-736 of
SEQ ID NO: 16; a capsid protein comprising the amino
acid sequence of amino acids 138-736 of SEQ ID NO:
16; and/or a capsid protein comprising the amino acid
sequence of amino acids 1-736 of SEQ ID NO: 16; and

(b) an rAAV genome comprising a nucleotide sequence
that is at least 85% identical to the nucleotide sequence
set forth in SEQ ID NO: 45.

18. A polynucleotide comprising the nucleic acid

sequence set forth in SEQ ID NO: 43, 45, 51, or 52.
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